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Foreword

RESNA is an interdisciplinary association for the advancement of rehabilitation and
assistive technology. Its members includes consumers, engineers, scientists,
physicians, orthotists, prosthetists, therapists, technicians, special education,
vocational rehabilitation councilors, manufacturers, suppliers, administrators and
others concerned with the development and provision of assistive technology. The
RESNA International '92 Conference and these proceedings are a reflection of our
continuing commitment to provide a variety of forums through which individuals
meet and exchange current information in the field.

This year's theme, "Technology for Consumers," is promoting the application of
technology in employment, education, and independent living of people with
disabilities. After twelve years, the conference has returned to Toronto, the place of
origin of the Passing of The Hat ceremony and the first international conference.
Once again our meeting in Canada has brought together a large number of
professionals, products and service ideas from around the world.

Towering Achievements are consistently needed for the consumers that all
professionals in the field strive to serve. These proceedings are comprised of 228
papers submitted by authors representing over a dozen countries. They reflect the
progress in the past year of numerous facets of rehabilitation and assistive
technology. As with previous proceedings they provide a rich source of valuable and
current information about developments in the field. This year's proceedings have
been further enriched by increased international participation.

As in the past, our conference creates an opportunity to revitalize our commitment,
share ideas, renew friendships, and add faces to familiar names. On behalf of the
organizers of this year's conference and the RESNA Board of Directors we extend a
warm welcome to Toronto. Work, enjoy, return home safely, and plan on being with
us next June 25 -30 in Las Vegas!

Douglas A. Hobson, Ph.D.
President

Stephen Naumann, Ph.D.
Morris (Mickey) Milner, Ph.D.
RESNA International '92 Conference Co- Chairs
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Preface

Welcome to RESNA International '92 '"Technology for Consumers." We have come
together from around the world to share information concerning assistive technology
for empowering people with disabilities. The focus of consumer involvement will
be apparent throughout this conference.

The Meetings Committee, chaired by Don McNeal, developed some new ideas based
on suggestions from the membership and Board of Directors, while keeping with
traditions that have become a valued part of the RESNA Conference. Don, aware of
the needs to change the conference program brochure for easier reading, designed
a larger layout and user- friendly day -at -a -glance insert.

The SIGs and other groups were provided with time and space to creatively come
up with thei r own format for meeting their members' needs. Along with time
allotted for platform and poster presentations, a record number of special sessions
were requested. These special session vary from lecture, round -table discussions,
show - and -tell, lunches, issue -based dialogues, and debates, to other forums for
allowing members to meet for information exchange, see old friends, and make new
ones. Co- sponsored SIG activities have also been added to this year's agenda. Many
thanks to all of you who were involved in the efforts to bring these ideas to fruition.

The Quality Assurance  Commit tee  is beginning to take  steps for defining and
credentialling professionals in assistive technology. Conference participants will have
the opportuni ty to partake  in thi s endeavor and are encouraged to come to the
meeting.

The Local Committee, co- chaired by Steve Naumann and Mickey Milner, have added
an international flavor to the conference while providing us with a taste of the
beautiful city of Toronto. Credit must be given to this industrious committee for
their efforts in bringing in professionals from around the world to speak during four
exciting international symposia. The committee also added consumer involvement
to the platform presentations, asking individuals to act as co-chairs of the sessions.

I would especially like to thank Susan Leone and the RESNA staff for their year -long
diligence in integrating the tasks of the Meetings Committee and making this once
again the distinguished conference it is known for.

Jessica J Presperin, OTR /L, MBA
Chair, Scientific Program

and Special Interest Groups Program
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Clinical Evaluation of a Multifunctional Hand Prosthesis

Yves Lozach, Sheroo Madon
Institut de RBadaptation de Montreal

Qudbec, Canada

Abstract

A multifunctional hand prosthesis designed
around a new prehension geometry has
been developed. With the objective to
validate the prehension geometry six
prototypes have been produced and tested
by four amputees. To determine the
outcome of the clinical evaluation a protocol
comprising a selection questionnaire, and a
functional evaluation procedure has been
designed and used.

Introduction

A multifunctional hand prosthesis provered from a
single motor contained within the palm and
designed around a new prehension geometry has
been produced. The geometry and the hand
functional characteristics are described In
previously published papers (1) (2) and will not be
discussed here. They may, however, be
summarized as follows : Based on the results of
ergonomic analysis of prehension (3) and on
previous works with prehension orthoses, the
geometry and the architecture of the hand
prosthesis has been chosen to reproduce the most
essential opposition movements of the thumb and
some specifics prehension patterns. Designed
with the aid of a 3D computer program (4) this
anthropomorphic hand prosthesis consists of fours
fingers and a thumb, each mobilized at the level of
two joints. These fingers are adaptive i,e each
one, conforms to the shape of the object and
undergoes passive flexion when pushed by an
external force. Two planes of mobilization at level
of the carpo- metacarpal joint enable the thumb to
perform tridigltal prehension with an oblique plane
of flexion and when externally rotated lateral
prehension (see figure 1 and 2). Moreover,
because the thumb's plane of flexion is oblique,
the hand is also ergonomically well adapted for the
cylindrical, spherical and hook grasping patterns.

Clinical evaluation - Methodology

With the objective of validating the pattern of
prehension of the new hand prosthesis, four users
of a forearm myoelectric prothesis have been
equipped with our new hand and have wom It for
a period ranging from 4 months to 18 months.
Three were tested at the Institut de 116adaptation

1.1

de Montrdal and one at Hugh MacMillan medical
centre of Toronto. The methodology used has
been based on a comparative analysis of the
clinical performance between a traditional hand
prosthesis, namely the Otto bock myoelectric hand
prosthesis, and our hand prosthesis. This kind of
approach implies that each potential candidate is
an experienced and extensive user of the
myoelectric prothesis, it also demands from each
one an active participation in the project and ability
to readjust rapidly to different patterns of
prehension. With these implications in mind, an
evaluation protocol was designed which comprises:
a selection questionnaire that aims of at
determining the profile of each user. And, a
functional evaluation procedure which follows the
fitting and the use of the new prosthesis for a
period of a least three months. This evaluation
calls upon the participation of both the
occupational therapist and the user to analyse the
function and performance related to two domains
of activities; these are:

'far a

F
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Fig. 1 and 2 Views of the two complementary
patterns of prehension
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Evaluation o f a Hand Prosthesis

The administration of two functional tests with
both prosthetic hand. These tests are : "The
upper extremity function test' by Carroll and the
two first tests of 'The Minnesota rate of
Manipulation Test'. These functional tests
which have been created to  measure manual
dexterity have not been designed to evaluate a
prosthetic hand; however, we have included
them in our evaluation protocol in an attempt to
further estimate the overall function of the upper
arm and the relative amount of compensatory
movements required for each test.

2. The activities of daily living as experienced by
each user. The evaluation will here call upon a
post - wearing questionnaire which includes
subjective as well as objective data on the use
of the prosthesis. The questionnaire is divided
in three parts aiming to identify and analyze the
functional gains and the problems experienced
during these activities. The first part of
questionnaire is a guiding list of activities that
the unilateral upper limb amputee performs and
which generally require the use of a hand
prosthesis. From this list, each candidate
selects the activities that concern him and gives
them a performance score related to the amount
of diff iculty encountered. The second and third
part of the questionnaire refers to the
experience acquired with the new hand
prosthesis and to the comparative analysis of
the overall performances with each prosthesis.

Results

Together, with the clinical evaluation, we have also
proceeded with a laboratory technical evaluation
which relates to  the measurement of technical
characteristics and the verification of the
prehension geometry and functional behaviour of
the prosthesis. Measured without the glove, they
can be summarized as follows :

Weight of the and prosthesis and
passive wrist 540 g
Maximum opening between the thumb
and the middle f inger tips 9 cm
Closing time for the tridigital pinch 0.8 sec
Closing time for the f ist pattern 1.2 sec
Maximum prehension force at the f inger
tips in the tridigital mode 45 N

Taken without the glove, these measurements
meet the specif ied values. However taken with a
commercially available glove insuff iciently adapted
to the morphology and the dimensions of the new
hand prosthesis, some of these specif ications,
such as the maximum opening range and the
closing and opening time of the f ingers have not
been met.

These weaknesses and the need to further
improve the design and the long term reliabi li ty
have also been confirmed by the clinical
evaluation. In spite of the limited number of
candidates tested, the following functional
advantages were identified:

For several activities, it reduces the use of arm
and body compensatory movements during both
the approach and utilisation phases of
prehension.
In many situations, it allows a better orientation
of the object held for use.
It greatly improves the object visibility, the
prehension cosmesis and the grip stability,
particularly for large objects.

The evaluation has also stressed the great
usefulness of the lateral grip and its high level of
complementarity with the tridigital prehension
pattern. Furthermore, besides the possibility of
achieving different grasping functions in both the
tridigital and the lateral modes, the outcome of the
evaluation has shown that these grasping functions
can also be locked by passively f lexing the fingers
around the object while the thumb is mobilized by
the motor. This locking feature is particularly
useful for activities such as : holding a handle and
carrying a suit -case.

We have noted the following modif ications which
have been identified or suggested by the
evaluators.

- To reduce the size and the width of the hand as
this will improve the hand function and
cosmesis.

- To shorten the length of thumb in order to refine
and increase the eff iciency of the lateral grip.

- To decrease the protuberance at the base of
the thumb.

- To increase the number of indexed positions of
the thumb in its plane o f ro tation as this will
increase the diversity and the number of  the
prehension patterns available

- To provide a wrist unit with at least two indexed
flexion postures as this will further decrease the
need of arm and body compensatory
movements.

Conclusion

A multifuntional and adaptive hand prosthesis has
been produced and used to test our prehension
hypothesis. In spite of  the limited member of
candidates the results have shown the potential
and some functional advantages of the new
prehension geometry. However, geometrical
refinements and design improvements are still
needed in order to fully meet the specifications and
the long term reliability.

RESNA International  '92 • June 6 -11, 1992



Evaluation o f a Hand Prosthesis

Acknowledgements

The authors wishes to thank Shiela Hubbard,
Greg. Bush and Ihsan AI -Temen from the Hugh
MacMillan Medical Centre of Toronto Canada for
their participation in this clinical evaluation and
their construcfive comments. We also extend our
thanks to the four candidates for their active
collaboration.

- This research has been supported by "L'Institut
de Recherche en Sante et Securite du Travail
du Quebec" CANADA Grant # RS -87 -15

References

(1) Lozac'h, Y., Drouin, G., Vinet, R., Chagnon,
M., Pelletier, M., "Specif ication for a new
mult i f unc t i ona l hand prosthesis " .
Proceeding of the ninth Annual conference
on Rehabilitation Engineering, Minneapolis:
PP. 117 -119, 1986.

(2) Lozac'h, Y., Drouin, G., Vinet, R., Beaudry,
N., "A new multifunctional hand prosthesis"
Proceding of the international conference of
the association for the advancement of
Rehabilitation Technology, Montreal : PP.
86 -87, 1988.

(3) Vinet, R., Pelletier, M., Lozac'h, Y„ Drouin,
G., "Un modele de conception assiste par
ordinateur avec le logiciel CATIA ".
Huiti6me symposium sur les applications
techniques de la mecanique en genie,
Sherbrooke, PP. 8 -10, 1986.

(mailing address)

Yves Lozac'h
Centre de Recherche
Institut de Readaptation de Montreal
6300, Darlington Ave.
Montreal (Quebec) Canada
H3S 2S4

RESNA International '92 • June 6 -11, 1992



1.2

USING THE EROS HANDMASTER TO MEASURE DIGITAL RANGE OF MOTION

PL Weiss PhD OT(C), S August* MSc OT(C), G Peters ** BSc OT(C) and J Sampalis ** Ph.D
School of Physical and Occupational Therapy, McGill University, * Jewish
Rehabilitation Hospital and ** Royal Victoria Hospital, Montreal, Canada

Clinicians  involved with the  assessment of injured
workers are  regularly called upon to evaluate  the
progress of the client's rehabilitation program and to
determine his  or her readiness  to re turn to work.
When necessary, they are also required to evaluate
their permanent or partia l  incapacity in order to
help determine eventual financial compensation and
need for vocational re training. This evaluation
includes measures of range of motion and sensation
as well as  observations related to the loss of limbs,
hypersens itivity and cosmesis. The clinic ian's goal
is to discharge clients from therapy when the clinical
evaluation demons tra tes  that they are  capable  of
returning to their previous  employment or that they
are in need of vocational retra ining.

Unfortunate ly, determination of the time of optimal
discharge appears to be confounded by the
ques tionable reliability and validity of some of the
clinical measures. Goniometry, one of the primary
measures of hand function, involves the
measurement of joint range of motion with a  metal
or plastic protractor -like ins trument. Goniometry is
mos t suited to the  measurement of pass ive and
active joint range of motion under conditions that
enta il static, non - functional movements. This is
clearly a significant limitation since the hands
engage primarily in complex, dynamic tasks. There
appear to be two major issues are of concern. First,
standard goniometric records are obtained on
individual joints which may be placed in
mechanically advantageous  positions  that do not
reflect their true capacity to perform functional
tasks. This may result in an unduly large range of
motion and a premature recommendation for return
to work. Second, clients, aware of the significance of
the hand assessment, may generate less  than their
actual active range of motion thereby increasing the
time spent in therapy, the days away from work and
the cost to Worker's Compensation. Clinicians try to
avoid these  problems by carrying out tota l ac tive
movement hand assessments but these produce only
estimates  of range of motion.

It is suggested that the use of the Exos Handmaster,
an ins trumented exoskele ton des igned to measure
angular joint rota tion of the  metacarpo- phalangeal
and interphalangeal joints, will resolve these
problems since (1) it permits the simultaneous
measurement of all joints under dynamic, functional
conditions and (2) its use can be integrated into the
clients' therapy routine so that repetitive and
realistic performance evaluations can be achieved.

The objective of this research was to investigate the
clinical feasibility of using the EXOS Handmaster to
measure  angular joint rota tion of the  digits . The
work reported in this paper includes a brief
description of modifications to the fixation technique
used to apply the Handmaster and the results of an
investigation of the unit's  reliability and validity.

METHODS

Attachment Technique

The Exos  Handmaster is  a  low mass  (< 260 gm),
Hall -effect ins trumented exoskeleton designed to
measure  angular joint rotation of the dis ta l (DIP)
and proximal (PIP) interphalangeal joints and both
sagittal  and coronal plane motion at the metacarpo-
phalangeal joints (MCP) (Marcus and Churchill,
1988, The 2nd Annual Space Automation and
Robotics Workshop held at Wright State University).
The unit is capable of recordng these data
simultaneous ly for the  thumb and any other two
digits. The original unit consisted of  a wrist
connection assembly, stainless  steel backplate  and
finger linkages.

Experience with the original Handmaster fixation in
our own laboratory revealed a number of problems
with the  s tandard a ttachment technique. Subjects
were uncomfortable  when the velcro s traps  were
secured to the  digits . Complaints ranged from
diminished blood circulation to blocking of sensation
in the finger pads . Moreover, the  unit  did not
appear to remain well placed on the dorsal surface.
These concerns motivated us to make a maj or
change to the attachment procedure which included
replacement of the  stainless steel backplate with
customized thermoplastic molds, modification of the
shape of  t he black hoods and the use of skin
adhesives instead of velcro straps.

Reliability and Validity Study

Eight adult  subjects (five females and three males
aged 21 to 38 years ) with no known his tory of
orthopedic hand dysfunction partic ipated in this
study. Subjects were  selected to represent a range
of anthropometric  values.
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Subjects participated in one 30 minute preparatory
and two 90 minute  experiemtnal sess ions . Each
subject underwent evaluations at six different
positions for the MCP, DIP, and PIP joints  and a
maximum of four positions for MCP ulnar- radia l
deviation. A total of 169 observations were collected.
For every joint and position combination, the
measurements of range of motion were  performed
twice us ing the  goniometer and then twice  again
using the  bandmas ter.

All goniometric  and Handmaster range of motion
assessments  were made by the  same examiner, an
occupational therapist with 14 years  experience,
with the  last 6 years specializing in hand therapy.
The Handmaster data were sampled a t 100 Hz via
a 16 channel AID converter ins ta lled in a PC -AT
compatible computer.

Descriptive statistics were calculated separately for
the  ROM measures obta ined us ing the  goniometer
and the  Handmaster by joint and vis it . Means  and
95% confidence intervals for the difference between
goniometer and Handmaster measures a t each ts t
session were also tabulated. Test- retest reliability
was assessed by two methods. First, by using
correlation analysis and comparison ofmeans for the
measures obta ined at the  two vis its .  The second
method involved the calculation of intra -class
correlation coefficients. This statistic provided a
comparative evalution between the variation in
outcome due to the  subjects  with that due to the
intervention.  Concurrent cons truct validity of the
Handmaster was assessed by comparing the
measures obtained using the Handmaster with those
obtained us ing the goniometer. The same s tatistical
methods  as  those  used for the  assessment of tes t -
retest reliability were used for this validity
evaluation.

RESULTS

Test - Retest Reliability

The data in Table I show the correlation coefficients
for the test - retest measurements obtained separately
for the  goniometer and the Handmaster. These data
show that the correlation coefficients were high and
statistically significant (p= 0.001) for both the
goniometer and the  Handmester. Therefore there is
a strong linear association between the
measurements obtained at different times  with both
of these instruments.

The data  in Table  II describe  the  measurements
obtained by the  goniometer and the  Handmaster
during the test and pre -test assessments, These data
show that the  mean difference for the  goniometer
test- retes t measures  was significant using a paired
t•tes t analysis  but is  not clinically important.  The
test- retest difference for the Handmaster was
clinically and statistically non - significant.

Table 1: Correlational Analysis for
Test - Retest Reliability

Goniometer Handmaster

N 159 165
Pearson

Correlation 0.98 0.93
Coefficient

P 0.001 0.001

Table 2: Description of Measurements (in degrees)

Goniometer Handmaster G - H
(G) (H)

Test
N 159 155 166
Mean 35.1 43.1 7.2 **
SD 22.4 24.9 11.5
Range 2 - 9 7 1

-

115

Retest
N 159 146 146
Mean 35.1 44.3 -6.9 **
SD 22.5 25.6 11.7
Range 2 - 9 4 1 - 110

Test - Retest
N 159 142
Mean -0.8* 0.45
SD 4.0 9.1

* p<0.001
** p<0.0001

Finally, intra  -class corre lation coeffic ients for the
test - retest measures obtained by the goniometer and
the Handmaster were  0.98 and 0.99 respectively.
Both of these values  were  s tas itica lly s ignificant
(p <0.0001).

Concurrent Construct Validity of the Handmaster

The data  in Table III show the correlation analysis
for the measurements obtained using the goniometer
and the  Handmaster.  These  results  show that the
measurements obtained by these two methods had a
high and s ta tis tica lly s ignificant (p <0.001) linear
association.
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Table 3: Correlational Analysis for Construct
Validity of EXOS Handmaster

N Pearson P
Correlation
Coefficient

Test 166 0.89 0.0001
Retest 146 0.94 0.0001

The results in Table II show that the mean
difference between the measurements  obta ined with
the goniometer and the bandmas ter was  staistically
significant for both the test and re -test assessment,
with the mea n Handmaster  measurement being
higher than the mean goniometer measurement.

Intraclass correlation coeffic ients for the outcomes
produced by the goniometer and the handmaster for
the test and re -tes t assessment were 0.95 and 0.96
respectively. The intraclass correlation coefficient for
both the test and re-test assessments was 0.95. All
were statistically significant (p <0.0001)

Conclus ions

These results have shown that both the  goniometer
and the Handmaster have strong test- retest
reliablity. Moreover, the data, in particular the fact
that the measurements obtained with the
Handmaster had a  large mean and a  wider range,
sugges t that the  Handmas ter is  a  more sens itive
instrument as  compared to the  goniometer. Studies
us ing the Handmaster to identify digit kinematics
during dynamic functional tasks  are  currently in
progress.
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The Accuracy of the sensor array used in the FSCAN System

Hilarie H. Cranmer and Robert P. Patterson
University of Minnesota
Minneapolis, MN 55455

Abstract

The outputs from a FSCAN sensor array were recorded during
four vert ic al cyc lic lo ad s  of 25, 50, 75, and 300 p ound s
applied o ver an area o f 0.5 square inches. There was a
hys teresis of ap proximately 10% b elo w 50 p ounds  o f fo rc e,
and  a maximal d ifferenc e o f ap p ro ximately ±2 0% at 100
pounds. Above 150 pounds, the output tends to flatten out.

Introduction

The FSCAN (Teks can Inc ., MA) is a computer b ased  sys tem
currently used to evaluate the forc e and pressure dis tribution
in the feet. The sensor has an array of 960 transducers  spaced
0.1 inc hes  ap art  and  is  fabricated  o n a flexib le thin p rinted
circuit with a mylar substrate. The purpose of this study was to
ass ess  the force and p res sure res po nses o f the system und er
different loading conditions. Two questions were addressed:
Is there a hysteresis assoc iated with the measurements and is
the response of the system linear?

Maalej, et al [1] used Interlink senso rs to  evaluate press ures,
but there was  evid ence o f signific ant hysteres is  and non -
linearity. Tekscan reports that their system exhibits a
hys teresis o f 10 %, a linearity of 5 %, for "up"  values, and  a
creep of 10 %. They report a need for sensor "co nditio ning',
which req uires at  least 12 cycles of gait in order to  p revent
changes in the c alib ration due to  use. This  inves tigation
addresses the questions on linearity and  hys teresis,  as well as
related issues on creep, repeatability, variability, and
conditioning, by comparing sequential load measurements
taken with the FSCAN foot sensor system.

Methods and Materials

Forc e and pressure read ings  were recorded using the FS CAN
System. A conditioned foo t sensor was used for test ing and
eac h lo ading occurred in the same region on the sensor.
Co nd itio ning was  executed by rep eatedly lo ad ing the sens or
for at leas t 20 times  with vert ical pressures  of at least 25 p si.
To ensure only vertical loading, a rectangular box was
constructed  to house the sensor during lo ading and to support
an upright po le with a load ing platform fo r weights . At the
sens or end,  a circ ular sq uare piece o f metal was us ed  as  an
actuator,  to transmit  the forc e from the weights to  the sensor.
The total area of the actuator was 0.5 square inches and its flat
surface was covered with Johnson & Johnson's mole skin tape,
typically used to cover casts.

In order to ass es s the q uestion o f hys teres is , two  tes ts were
perfo rmed. In the first, the sensor was loaded to 31x1 pounds,
then unloaded. This  weight was chos en to represent 50% of
maximum loading capacity, specified at 1500 psi. Two
rec ord ings were taken: o ne immed iately after lo ading and the
other,  o ne minute later. This  tes t  was p erfo rmed  again to
estab lis h repeatability. In the seco nd tes t, the sens or was
sequentially loaded to 25 pounds then unloaded back to  zero.

1.3

This cycle was repeated for weights of 50,75 and 100 pounds,

The remainder of the tests evaluated sensor -to- sensor
variability and conditioning effect. T o determine c onditioning,
a new sens or was  loaded 20 times with a 25 po und weight.
Meas urements  were reco rded after the load  was ap p lied  fo r
one minute. The o utputs from two cond itio ned sens ors were
recorded and compared.

Results

The results are reported in terms of force. The pressure varied
in direct pro portion to the force because the same loading area
was used throughout the study.

Figure 1 s ho ws the senso r resp o ns e to  the c yc lic  lo adings .
There is a mod erate non - linearity evident,  as well as a slight
hysteresis. In figure 2,  which shows loads  up to 300 pounds,
the non - linearity is  far mo re significant It is also shown that
there is no significant difference in senso r repeatability.

The average value fo r the new s en s o r af ter 20 repetitive
loadings with a 25 p o und weight was  22.0 p o und s . The
average value for another conditioned sensor was 13.0
pounds, whic h reflec ts a c ons tant d ifferenc e in c alib ratio n
between sensors. There was no significant change with
repeated loadings.  The average force of the first five load ings
of the new s ensor was  23.0 p ounds  and the average fo rc e of
the last five repetitions was 22.0 pounds.

Hysteresis Curves for FSCAN
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Figure I.  F orce values  for c yc lic loadings of 25, 50, 75,and
IN) p o und s ,  us ing an ac tuato r with an area o f 0.5 s q uare
inches.
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Hysteresis Curves for FSCAN
Repeatability Test
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Figure 2. Force values for a cyclic loading of 300 pounds,
cond ucted twice.

Discussion

Altho ugh Teksc an rep o rts  a linearity o f 5% fo r "up" values,
this study s ho ws a greater d ifferenc e in linearity through
calibration with individual sensors. A different calibration
system has  b een recently ins talled  b y T eks can (January 92),

but has not yet  been tested by this research group.

The hysteres is rep orted  in this study falls  within range (10 %)
fo r lo ad ing b elo w 50 p o und s , b ut h as  a  max imal valu e o f

approximately ±20% at 100 pounds. This  evid enc e o f non-
linearity and hys teres is  is  c onsis tent with the results  repo rted
b y Maalej[ll , for the Interlink sensors . Altho ugh these results
sho w mod erate hys teres is, they probably do  no t c ontrib ute to
serious erro r in no rmal clinic al use.
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A Video System for Real -Time Synchronization of
Muscle Activity and joint Moments During Gait

James J. Carollo, M.S.
Mobility Research and Assessment Laboratory / Department of Orthopaedic Surgery

University of Texas Southwestern Medical Center at Dallas
Dallas, Texas 75220 USA

ABSTRACT

This paper will describe the des ign of a new
measurement sys tem which synchronizes electro-
myographic (EMG) waveforms and /or ground reaction
force vectors with video of a walking subject in real -
time. The overall  sys tem utilizes conventional video
and computer equipment, a commercially available EMG
recording system, a three component force platform, and
specially designed hardware and software to provide a
unique compos ite  display combining gait  data  with
video of the subject. All data is simultaneously recorded
to disk, so that summary reports  of EMG and force
platform data can be generated to accompany the video
record. The system is especially useful for teaching since
it presents estimates of EMG envelopes and joint moments
in an extremely visual manner. This has been found to be
more readily unders tood by the  clinic ian and by a ll
students of gait analysis.

BACKGROUND

The clinician can choose from a wide variety of measures
when evaluating the  gait  performance of a  subject.
Often, the  measurements  se lected are  re lated to the
unders tanding and interest of the investigator and the
logis tical support available  [Winter, 19871, with the
greatest attention placed on the  so called "outcome"
measures" (e.g. kinematics, stride  length, cadence,
ground reaction forces). These measures are useful for
quantifying overall gait performance, but unfortunately
reflect the  result  of many integrated output effects .
Outcome measures alone will not permit identification of
the primary cause of a gait deviation.

In order to address the fundamental cause of a particular
gait abnormality, attention must also be given to those
measures which describe the action of the muscles and
their abili ty to produce appropriate levels  of torque
about each joint of the support limb. It has been shown,
however, that both EMG patterns  [Arsenault  e t . a l. ,
19861 and 'pint moments during stance [Winter, 1984] are
highly variable, especially in subjects whose gait
pathology is the result  of a  CNS disturbance such as
stroke or head injury, or musculoskeletal a lterations
associated with amputation or joint surgery [Winter,
19901. This  inherent variabili ty is  evidence of the
remarkable  adaptability of the neuromuscular sys tem,
and only by scrutinizing the subtle interaction between
motion, muscle activity, and 'pint torques can insight be
gained into a complex gait problem.

Since varia tions often occur on a  s tep by s tep basis,
conventional analytical techniques such as ensemble
averaging may obscure  important adaptations  of the
CNS to a momentary disturbance in balance, cadence, or

1.4

base of support. One method for circumventing this
analytical difficulty is to record on a common time base
measurements of motion, muscle activity, and joint torque
in a manner which maintains  the inherent synchrony of
each measurement.

The sys tem described in this paper attempts to
accomplish this  in a highly graphical fashion. The
approach uses video to provide a  common time base
al ong wit h a view of  the subject's motion, while
overlayed computer graphics provide real -time
es timates of EMG envelopes  and joint moments . To
accommodate the  rapid screen refresh requirements of
real -time video, the joint moment descriptions rely on a
graphical technique known as "force line visualization"
[Cook et. al., 19791, where the ground reaction forces are
represented as a resultant vector emerging from a point in
the video field corresponding to the instantaneous center
of pressure. The current design expands on a video /EMG
system developed over ten years ago [ Carollo, 19821
utilizing several updated measurement techniques and
more novel technology.

RATIONALE

A more graphical approach to the  problem of data
synchronization was selected over a simple multiplexed
data collection system after considering the needs of the
principle  end users of the  sys tem; c linic ians  whose
primary training in gait analysis focuses on the visual
assessment of gait. The system developed can present
complex data  in a  manner readily unders tandable to
individuals confused by conventional biomechanical
descriptions, and is accessible to anyone who can operate
a home VCR.

DESIGN

The basic design consists of four fundamental subsystems,
each of which can be used individually or in combination
with the others (see figure). They  are  the  vi deo
subsystem, the EMG measurement subsystem, the ground
reaction force (GRF) measurement subsystem, and the
graphic overlay subsystem. In the descriptions  which
follow, most of the component devices will be described
generically without reference to a specific manufacturer,
since in most cases there is no inherent superiority of one
brand over another. In those  cases  where only one
manufacturers product can be used, it will be so noted.

Video subsystem
The video subsystem is used to record and playback the
movements of the subject from the front, the side, and
underneath; the latter by way of a glass floor section. It
also provides a common time base for all other
measurements, corresponding to the  60 Hz (16.67 ms)
video field rate. Three electronically shuttered, CCD,
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color video cameras with approximately 700 lines  of
horizontal resolution are used to obta in high quality
images  of the subject while walking. Camera control
units  for each camera permit synchronization of the
three video signals in addition to video setup and remote
selection of electronic shutter speed. Video outputs from
each camera control unit are routed to a special effects
generator which permits se lection of any camera or a
split  screen between any two. The resulting composite
video is then routed to a S -VHS video cassette recorder
for initia l data recording. Additional equipment
includes an editing VCR to facilitate the  reduction of
raw video to a  finished product, a character generator
for screen annotation, an assessment VCR with digital
frame storage for clear slow -motion review, and several
color monitors for playback purposes.

EMG measurement subsystem
Electrochemical potentia ls  associa ted with a skeletal
muscle's contraction are detected using either infant size
disposable ECG electrodes or 50 micron platinum fine
wire electrodes arranged in a bipolar configuration along
the long axis of the muscle to be studied_ Each electrode
pair is connected to a miniature  amplifier /transmitter
which provides wireless transmission of EMG activity to
recording equipment a short distance away from the
subject. Individual footswitches, made from InterLink
Force Sensitive Resistors r"1, are  a ttached to the  heel,
fifth metatarsal, first metatarsal and great toe of both
feet. Switch closure events are encoded to resemble an
EMG signal, so that an available EMG channel can be
used to transmit foot /floor contact data to the recording
equipment. Once transmitted, bandpass filtered EMG (30
-1500 Hz) and decoded footswitch data are recorded at
3KHz /channel using a data acquisition system based on a
Dataq Ins tru ments  CODASrM board in a 386 c lass
personal computer. Specia l software written in the  C
programming language controls data acquisition, real -
time display of scrolling EMG waveforms and footswitch
events, and storage of data to disk at a total throughput

Vid eo Inp uts %,,, N, N,

of 30KHz. Although not essentia l to the  sys tem
described in this paper, the data files produced can be
converted into an appropria te file  format so that they
can be used with commercially available EMG analysis
software.

GRF measurement subsystem
Ground reaction forces are obtained in the conventional
manner using a glass top, three component force platform
mounted on paralle l  steel girders across  a  five  foot
camera pit. After signal conditioning and amplification,
eight analog channels are recorded using a similar but
indepe ndent  data  acqui s itio n sys tem from the one
described in the previous section. Special software was
developed to (1) read the eight analog force pla tform
channels, (2) calculate the instantaneous forces Fx, Fy,
and Fz, and coordinates of the center of pressure, ax and
ay, (3) calculate the appropria te vector projection and
(4) dra w the  vector  origi nating from t he center of
pressure in the  sagitta l view of the computer display.
This procedure was then repeated for the coronal view.
In order to maintain a continuous graphic display which
could be updated in accordance with changes in the force
platform output, a ll procedures were  completed during
each vertical retrace period.

In addition to these real -time software modules,
separate procedures were developed to accommodate
different camera positions, scaling of the force vector for
different fields of view, and standard data acquisition of
ground reaction force data. As in the EMG measurement
subsystem, data files produced in this module could be
eas ily converted to be  compatible  with third party
analysis software.

Graphic overlay subsystem
This  final subsystem is responsible for integrating the
three  previous  subsys tems  into a cohes ive unit, and
therefore  must overcome the  inherent incompatibilities
of each data format. Specifically, this subsystem must

EMG  Me asu rement
Subsys tem

Gra phic
Overlay

GRF Me as urement Grap hi c Video Subsys tem
Sub sy s t em Over lay

Figure  #1: Sys tem Block Diagram
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convert VGA computer graphics into NTSC composite
video so that synchronization pulses  from the video
subsystem can be used to trigger the displays of the two
independent data  acquis ition sys tems . Once this  is
accomplished, creation of the  final video display is
simply a matter of generating an appropriate key signal
from the data acquisition displays , and inserting this
key into the video subsystem's data stream.

In the present system, this was accomplished using tools
from the emerging fie lds of multimedia  and desktop
video production. Genlockable VGA display boards
compatible  with each data  acquis ition sys tem were
installed in their respective computers, and configured
for a high contrast overlay. Synchronization pulses in
the form of a standard black burst signal were used to
trigger each board, with the video output daisy - chained
to produce a  composite  key signal in sync with the
original video. By selectively turning on the key signal
in each board, one can produce a video /EMG display, a
video/ force -line display, both overlays, or none at all.
This level of flexibility permits the operator to
configure  a display system which matches the specific
needs of each clinic ian us ing the system, and allows
different displays for different clinical protocols.

EVALUATION & DISCUSSION

The present system has been in place since August of 1991,
and in general has been accepted by the clinical
community. The principle advantages are related to the
intuitive  nature  of the display, which promotes  easy
correlation between a  subject's motion and their EMG
activity, and /or joint moment requirements.

However, there are  certain inherent l imita tions  to the
sys tem which cannot be  overlooked. First, the video
subsystem does not provide quantitative measurements of
joint pos ition, and serves  primarily as  a  means  for
facili tating frame -by -frame visual analysis of the
walking pattern. Second, EMG signals must be presented
in their raw, unprocessed form since timing requirements
for real -time display limit the amount of signal
processing which can be performed. Envelopes of EMC
activity must be estimated from amplitude changes  in
the waveform, and thus are only useful for determining
periods  of muscle  activity from periods of reduced
activity. Finally, force -line visualization as a predictor
of joint moments is useful as a clinical estimate, but care
must be taken when using the method in normals or faster
speed walkers [Wells, 1981). This is because joint torque
is determined by visually comparing the line of action of
the ground reaction force and the apparent joint center of
the joint of interest, to subjectively determine a moment
arm /vector amplitude product. This estimate becomes
less accurate as one progresses up the kinematic chain
from ankle to hip, since gravitational an inertial forces
of each limb segment are neglected, and the contribution
of these  forces to the  overall  ground reaction force
increases as one gets further from the ground. To further
complicate the analysis, predicted moments are opposite
in sign from the actual joint moments, and therefore must
be considered as a "demand moment," which necessitates
an equal and opposite joint moment to counteract it.

Although the  sys tem in no subs titute  for traditional
quantitative measures of EMG and joint moments, we feel
there is still a place for this type of system in the clinic.
It is quite  useful as a first  step in the gait assessment
procedure, and is sens itive  to subtle changes in the
patient 's gait  which may be obscured by traditional
analysis. Perhaps  its bes t application is  in teaching
allied health students and those new to gait analys is a
sys tematic  approach to the  problem. And like  any
clinical assessment tool, it is only as good as the clinician
who uses it.
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ABSTRACT

Dete rmination of  abnormal autonomic  card iovascular
func tion (ACF) in pe rsons with mult ip le  scleros is  (MS)
has  trad itional ly used quiescent, perturbations. This
study examined the use of dynamic leg cycl ing
exerc ise as  an index of  exe rc ise capacity and  ACF in
this populat ion. For this , heart rate (HR) and blood
pressure (BP) responses to 3 standard , quiescent
tests  and during  an incremental leg  exe rc ise  p rotoco l
were dete rmined. Eighteen MS subjects (minimal -
moderate impairment) were matched to 18 non -MS
persons. Results  o f the  quiescent ACF tests showed
no abnormal responses in the MS group. During
cyc ling exercise, HR and sys tol ic BP (SBP)
ad justments to oxygen up take (VO2) increments
during  absolute exercise  power outputs  (PO) were  not
signif icantly dif f e rent between groups. Examination
of HR and SBP at relative VO2 showed this
minimal ly- impaired MS group to have a sl ight ly
attenuated HR response but a near identical SBP
response vs the non -MS group. More severely
impaired MS individuals would might respond
dif fe rently This dynamic  exerc ise  p rotoco l may o ff e r
more ins i ght into  the affects of MS upon ACF and
provide guidance for determining rehabi litation
po tential of  this population.

INTRODUCTION

Dys func tion of the autonomic nervous system in
mult ip le sclerosis (MS) has been well- documented
with manifestat ions occurring in bladder,/ sexual, l
and sudomoto r7 func tion. Trad it ional ly,
documentat ion o f autonomic cardiovascular f unc tion
(ACF) of bo th sympathetic (SYMP) and
parasympathetic  (PARA) re f lexes in pe rsons  with MS
have been via standard tests with the patient in a
quiescent state. Standard  tes ts such as the  Valsalva
maneuver, rhythmic deep breathing, and sustained
isometric handgrip are only 3 among several acute,
perturbations perfo rmed under quiescent cond itions in
an ef fo rt to isolate and measure autonomic
cardiovascular responses  o f heart rate (HR) and  b lood
pressure (BP). While  several inves tigators  have f ound
a relatively high incidence of abnormalit ies in PARA
and /o r SYMP ACF tes ts with this population,a,s,10

othe rs have no t. 2-8 What these tests reveal is
important; however, they do no t exhib i t info rmation
on dynamic exercise capacity and whe ther
card iovascular responses  in a part icular individual are
suf f icient to sustain greater cardiovascular organ
system demands. For example, any dai ly ac t ivi ty,
whe the r it be fo r work or pleasure, requires a
constant me tabo l ic  demand  which mus t be  supported
by adequate central (HR) and peripheral (BP)
cardiovascular adjustments. Such ad justments are
predominantly controlled by the sympathe tic and
parasympathe tic ne rvous systems. As  such, knowing
whe ther these responses are suff ic ient ly intac t to
support dynamic  ac tivi ty in the  MS patient is  o f  equal
importance. Such inf ormation may provide even
greater ins ight into  a patient' s rehabi l itation potential .
There fore, the  purpose  o f  this  s tudy was  to  deve lop
an easily administered protocol o f  dynamic exercise
(i.e. leg  cyc l ing ) that could  be  used  in supplement to

exis ting standard, quiescent ACF perturbations, to
examine MS ind ividuals under conditions that are
more  s imilar to  the  demands  required  during normal
daily act ivi ty.

PROCEDURES

Sub' s. Eighteen persons  who  had been pos it ively
diagnosed  with MS were examined by a neuro log is t
and  rated  on the  Expanded  Kurtzke  Disab i li ty Scales
Distribution of rat ings is presented in Table 1.
Individuals having a minimal to moderate level of
impairment were selected  for part icipat ion to assure
their abil ity to phys ically perform the dynamic leg
cycl ing  pro tocol. The leng th o f  t ime  f rom the date  o f
diagnosis ranged between 1 and 23 yr  ( X  - 6.2 yr
+e.$). A  g roup of 18  healthy, non -MS partic ipants
(AB) were matched to the MS group on the
characte rist ics of age, gender, height, and we ight.
Further description of group characte rist ics is
presented in Table 2. The presence of any
card iovascular, pulmonary, renal, metabolic or non -
MS orthopedic disorder excluded partic ipation.
Inf ormed Consent was obtained  from al l part icipants
accord ing to Universi ty po licy.

Table 1. Dis tr ibution of EDSS Ratings Among MS
Subjects.

EDSS Rating 1.0 2.0 3 .0 4 .0
No. of  Subjects 7 4 5 2

Table  2. Subjec t Characterist ics.

Group MS non -MS
In =18) (n =18)

Age (yr) 39.6( ±5.1) 37.7(±s.o)
Height (cm) 171.2(±11.0) 171 .81±10.2)
Weight (kg) 73.31±15.51 75.6 (±1s .a)

Tests of Autonomic Cardiovascular Func tion (ACF).
Three non- invasive tests of ACF, which monitored HR
and  diastolic blood pressure  (DBP) responses at res t,
were adminis tered. These tests have  been described
previous ly and widely used . 3 The tes t pe rturbations
and monitored responses were: the Valsalva
maneuver - HR; deep rhythmic breathing - HR (E:I
Dif ference); and sustained isometric handgrip
contract ion - DBP. The  f i rs t two , which use  HR, are
considered PARA tes ts, whereas, the third which
uses DBP, is considered  a SYMP test. Sub jec ts  were
connected via chest electrodes  to a Hewle tt Packard
78324A ECG monitor which reco rded HR during all
tests. This was interfaced with a computer via an
A/D converter, R -R inte rvals  were calculated  via the
computer program and converted into numerical
values and compared to published standards fo r
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normal- borderl ine - abnormal responses. This
computer sys tem has been full described  previous ly. 4

BP was determined using an automated
sphygmomanometer connected  to anothe r channe l of
the aforementioned ECG monito r. BP recordings
were manual ly entered into the computer fo l lowing
the test session.

Lea Cycling Pro tocol : Fol lowing a 5 -min res t period,
subjects performed a discontinuous, progressive
intensity protocol of  recumbent leg cycl ing. Power
outputs (PO) began with no  f lywheel res istance  at a
pedal f requency of  approximate ly 50  rpm. Absolute
inc rements of approximately 25 W were  added during
each subsequent stage. Each exercise s tage lasted 4-
5 min, with a 3 -5 min rest between stages.
Cardiorespiratory and metabolic data were acquired
via open circuit spirometry. HR was monitored
cons tantly using a CM5 electrode placement, with
recordings  each min. DBP and systo lic BP (SBP) was
ob tained  manual ly during  the  f inal min of  PO us ing  a
standard sphygmomanometer. Fol lowing the 4
submaximal stages, a f inal continuous maximal ef f ort
stage of approximately 4 min was performed, with
inc rements in PO each min. Subjec ts  were  asked  to
maintain a pedal f requency be tween 50 -60  rpm. The
test was terminated due to volit ional exhaustion or
predetermined metabolic and pulmonary indices
concomitant to an increase  in P0.

STATISTICAL ANALYSIS

A Student 's t -tes t was  used to  de te rmine dif fe rences
between groups  on physical characteristics. Abso lute
values  of  card iovascular and  metabol ic  data, as  we l l
as absolute and relative increments in PO during
cyc ling, expressed  as  a pe rcentage o f each ind ividual
maximal PO ( PO n , e x) were  compared  us ing a 2  X  5
Repeated Measures Analysis  of Variance. A post -hoc
Duncan was used  to de te rmined inte ract ions  between
groups and stage with respect to the various
dependent variables. Correlation analysis was used
to determine the relationship among cardiovascular,
metabo lic, and PO variables specif ic to each g roup.

RESULTS

There were no signif icant di f fe rences between g roups
with respec t to age , height or we ight (p >0.05). The
results of the tests of quiescent ACF tests are
presented in Table 3. No MS subject exhibited an
abnormal HR response to the two PARA tests.
During the one SYMP tes t o f DBP, 83% showed a
normal increase in response to the sustained
isometric  contrac tion. Only a small pe rcentage (1 1 %
and 17 %) exhib ited a borderline response to the
PARA and SYMP tes t, respective ly.

Both maximal PO and maximal oxygen up take
(V02mex) were lower f o r this MS sample. HR and
SBP responses  in relationship to oxygen uptake  (V02)
at the various abso lute  POs  are il lustrated in Figures 1
and 2, respectively. Both cardiovascular responses
inc reased in a linear f ashion and  were  s imi lar to those
elicited from the non -MS group. SBP for the MS
group  appeared to  be sl ight ly higher at each exercise
stage when compared to absolute values of V02 ;
however, when HR and SBP responses were
c o mp a re d  a t r e lat i ve  V 0 2 , (i .e . at a pe rcentage  o f  anind ividual 'sat. HR response  was  s lightly lower

fo r the MS g roup  and  SBP was almost identical to the
non -MS group. Correlation analysis among the

metabolic and cardiovascular variables fo r the MS
subjects produced signif icant, positive correlations
ranging from R =.96 to R =.99 , (p  <.01). Similar
signif icant positive correlations were seen for the
non -MS sample (p<,01 ).

Table 3. Summary o f  3  ACF tes ts  perf ormed by MS
subjects under quiescent, standardized conditions.

Test Response

Abnormal Borderline Normal

Valsalva 0 0 18
Maneuver

E:I Dif ference 0 2 16

Sus tained 0 3 15
Contrac tion

Figure  1. HR response compared  to  absolute oxygen
uptake in MS and non -MS subjects during leg cycling.
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Figure 2. SBP response compared to absolute
oxygen up take in MS and  non -MS subjec ts  during  leg
cyc ling.
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DISCUSSION

This  study il lus trates  that in a samp le of MS persons
who  have a minimal to  moderate  leve l o f  impairment,
results of standard, quiescent ACF tes ts are
predominantly no rmal. HR and SBP responses elicited
during a dynamic  exercise  test support these f indings.
Again, it  should be  no ted  that t he  lack of abnormal
responses f rom this  g roup  may be  d irec t ly related  to
the distr ibut ion of impairment level in the samp le.

Previously, Senaratne, at al . t t found ACF
abnormali ties in HR and SBP in an MS group who
ranged  f rom minimal to  severe in level o f impairment
(i.e. EDSS). The ir sample's abnormal performance
during the Valsalva maneuver and rhythmic deep
breathing were subs tantiated by attenuated HR and
SBP responses  during an incremental p ro tocol o f arm
crank e rgometry. As  p revious ly no ted , a f ac to r that
may have contributed to bo th the abnormal ACF
responses  on the standard  tes ts as  we ll  as  during  the
arm exercise protocol is the  f ac t t hat 57% of  the ir
samp le  were  more  d isab led  than the  samp le  used  in
the present investigation. Furthermore, 23% o f  the ir
sample were unable to perform even the lowes t
increment in PO of the arm exercise protocol.
Although a c lear re lat ionship  has  no t been es tablished
between level of  impairment (i .e . EDSS) and  incidence
of abnormalities in ACF, part of the problem may
exis t in the types of  scales  (ord inal) upon which these
t wo variables are rated, rather than the lack of an
ac tual relationship . Since  these inves tigators  d id  no t
provide  absolute  PO data with respec t to  spec if ic  HR
and SBP responses nor did they measure the
metabo lic  demand during the exercise pro tocol, i t  is
dif f icult to appreciated the ir results ful ly. I t is
possible that a more impaired sample may have a
much lower exercise capacity due to loss of
innervation to working muscles rather than
insuff ic ient card ioregulatory adjus tments. However,
whe the r the ir MS sample's poor perf ormance, was
due to abnormal support by central and peripheral
ACF can only be  hypothes ized  at this  t ime.

While  the  maximal exe rc ise  capacity and VO2max
of the MS sample in the present investigation was
signif icantly lower than the non -MS contro l group ,
this deficiency was probably no t severe enough to
interf ere with the demands of daily function.
However, with exacerbations and  f urthe r decerases  in
exerc ise  capac ity and VO2max, the  ab i l i ty to  pe rf o rm
these  act ivi ties  would be  compromised. The  f act that
bo th HR and SBP increased linearly with each
additional submaximal PO inc rement and metabo lic
demand  il lustrates  that these particular MS ind ividuals
would  be  able supply adequate  card iovascular support
fo r me tabo lic demands, such as those required  during
ac tivi t ies of  daily l iving, employment and  and  /o r sport
and leisure. I t is likely that the slope of these
cardiovascular responses would be lower in more
severely impaired MS patients due  to  greate r SYMP
and  PARA damage resulting  in abnormal ACF.

Util izat ion of this type o f  dynamic exercise test
could enhance  our understand ing o f the aff ec ts  of  MS
upon autonomic card iovascular func tion in this
population. Standard, quiescent tests serve to
identi fy the  possible exis tence of  an ACF abnormality,
while a dynamic exercise pro tocol places more
demands upon the card iovascular sys tem, requir ing
more sympathe tic  st imulation. and  the reby inc reasing
test sens it ivi ty. Thus , autonomic dys func tion that

occurs with MS may be more easily identif ied with
dynamic exe rc ise test ing  s ince  organ system reserve
is reduced. Disease  prog ression may be  tracked with
more  accuracy by periodically repeating standard ized
dynamic exercise tests.
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ABSTRACT

Vestibular stimulation is a therapeutic technique
widely used in the treatment of neuromuscular dys-
function such as cerebral palsy. Based on a review of
the anatomy and physiology of the vestibular system
and its connections, a theory is offered to explain why
vertical vestibular stimulation may be of greatest ben-
efit. This theory is discussed from a control systems
viewpoint in an attempt to explain the effects of this
form of stimulation from an engineering perspective.

INTRODUCTION

Cerebral Palsy (CP) is a persistent motor disorder
caused by non - progressive damage to the central ner-
vous system, which most often occurs before or dur-
ing birth. Vestibular stimulation in the form of
swinging, rolling, and rhythmical rocking is used in
rehabilitative therapy to help inhibit abnormal motor
responses and facilitate normal motor responses in
those with CP. Therapists such as Bobath, Ayers, and
Rood agree that the vestibular system plays an impor-
tant role in treatment. Bobath[3] uses "neurodevelop-
mental techniques" to elicit equilibrium and righting
reactions which rely on output from the vestibular ap-
paratus. Ayres[2] states that the vestibular receptors
are the most sensitive of all sense organs. She claims
that vestibular stimulation, such as rocking, tends to
organize the brain. Rood[5] advocates the use of slow
rocking, to stimulate the labyrinths (a part of the ves-
tibular apparatus) in her treatment techniques. More
recently, therapeutic horseback riding has become a
popular method of providing vestibular stimulation.
The literature has reported various benefits in using
this type of therapy
Although therapeutic effects of all types of vestibular
stimulation have been recognized for sometime, a re-
view of the literature has produced little scientific ev-
idence that identifies the source of such benefits. The
authors will present a physiological review followed
by an explanation, from a control systems viewpoint,
to help justify the therapeutic use of vestibular stimu-
lation, specifically, vertical linear oscillations.

ANATOMY/PHYSIOLOGY

The Vestibular System

The vestibular apparatus is made up of the
semicircular canals (also know as the labyrinths),

1.6

which respond to angular acceleration, and the
otoliths, which respond to linear acceleration. These
organs convey information to four vestibular nuclei
via the vestibular nerve. Of these, the lateral
vestibular nuclei (LVN) receives most of its
information from the otoliths. The LVN gives rise to
the vestibulospinal tract (VST) which descends the
length of the spinal cord. Fibers from the VST form
excitatory synapses with alpha motoneurons
innervating muscle and gamma motor neurons
innervating muscle spindles.
The Muscle Spindle

The muscle spindle is a specialized form of muscle fi-
ber that contains both sensory and motor elements.
The sensory elements are made up of centrally located
nuclear bag fibers and longitudinally distributed nu-
clear chain fibers. Both contain motor elements at
their ends. The nuclear bag fibers are innervated by
gamma I (dynamic gamma) motor fibers and the nu-
clear chain fibers are innervated by gamma2 (static
gamma) motor fibers. Two types of receptor endings
are found in the sensory portion of the spindle. The
primary endings, which originate in the bag and chain
fibers, respond to length and rate of change in length
of the muscle. The secondary endings, which origi-
nate only the nuclear chain fibers, respond to length
only. (see Figure 1.) It is assumed that the chain fibers

DYNAMIC GAMMA PRIMARYAFFERENI
MOTOR FIBER
(GAMMA 1) SECONDARY

STATIC GAMMA AFFERENT
MOTOR FIBER
(GAMMA 2)

NUCLEAR
BAG
FIBER

NUCLEAR
CHAIN - -
FIBER

Figure 1
Muscle Spindle

are responsible for afferent information regarding the
static response, or length, of the muscle and the bag fi-
bers, the dynamic response, or the rate of change of
muscle length.
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Excitation of the nuclear bag fibers by the gamma 1
neurons will enhance the dynamic response of the
spindle, while excitation of the nuclear chain fibers by
the gamma 2 neurons will enhance the static response
of the spindle.
Vestibular Influence on Muscle Spindles

As previously stated, fibers from the VST make
synaptic connections with the gamma motor neurons.
According to Pompeiano[11], this synaptic
connection is formed exclusively with the gamma 2 or
static gamma motor neurons. This would suggest that
the function of the vestibular- muscle linkage is to
increase the sensitivity of the muscle spindle to
length, or more importantly to the sense of position of
the limbs in space, the proprioceptive sense. The link
between the vestibular system and muscle spindle is
depicted in Figure 2.
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Figure 2
Vestibular - Spindle linkage

While Pompeiano's studies were done on cats, several
others have implied that there is a similar functional
relationship between the vestibular apparatus and the
muscles in man. Aiello et. al.[1] reported changes in
alpha motor neuron excitability when subjects were
tilted. Studies done by Szturm et. al.[12] support the
view that there is a functional linkage between otolith
signals and activity in lower limb muscles in humans.
Chan [4] demonstrated changes in soleus motor neu-
ron excitability in response to variations in head posi-
tion. He linked these changes directly to the otolith
afferents. Greenwood et. al. [6] reported that upon fall-
ing vertically, humans show increased reflex activity
of the ankle. They theorized that falling stimulates the
otoliths which in turn facilitates supraspinal pathways
leading to excitation of the muscle spindles. These
studies suggest a functional link between the vestibu-
lar system and the muscle spindles in humans.

Based on this review of the anatomy and physiology
of the vestibular apparatus and its connections with
the muscular system, the authors wish to propose the
following hypothesis.

HYPOTHESIS

Linear vertical vestibular stimulation causes sensory
information from the otoliths to reach the gamma 2
motor neurons through the LVN and the VST at all
levels of the spinal cord. Such stimulation may in-
crease the sensitivity of the muscle spindle, specifical-
ly the static response which is responsible for position
sense. In short, otolith stimulation may enhance prop -
rioception.

APPROACH

In order to understand the implications of the influ-
ence of otolith organs over the control of movement,
it is helpful to approach limb position control from a
control systems viewpoint. In so doing, it becomes
clear how the muscle spindle might influence motor
control and in turn how vestibular stimulation can af-
fect that influence.
The Role of Feedback in Control Systems

Human motor control has often been modelled as a
feedback system which functions as a position servo-
mechanism. In such a system the output "position" is
monitored and "fedback" to the controller. The con-
troller then uses this information to keep the system at
a desired position. A servo - mechanism controls posi-
tion by causing the output of the system to be as close
to the input as possible.
Feedback Control and the Stretch Reflex

The monosynaptic stretch reflex is an excellent exam-
ple of a feedback control system. A force on the mus-
cle causes it to stretch. This change in length causes
the spindles to fire, sending excitatory signals to the
alpha motor neurons. This causes the muscle to short-
en, which will continue until the muscle is back to its
original position in turn causing the spindles to stop
firing. The block diagram of Figure 3 can be used to
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Figure  3
Stre tch Reflex Block Diagram
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describe the feedback control of the stretch reflex. In
this diagram the "a" motor neuron (the controller) is
set with a position via a command from "higher cen-
ters". This position is maintained with the use of feed-
back through the muscle spindles.
Control Theory and Cerebral Palsy

Control theory can help open up the door to under-
standing more about disorders such as CP. One view
of this disorder suggests that a faulty feedback loop
could be responsible for certain abnormal movements
seen in CP. Harris suggests that:

"In theory, all deviations of muscle tone observed in
cereb ral pals y .. ..  c an be exp lained  in terms of
derangements in mus cle s pindle stretch receptor
sensitively ". [7]

McCloskey[10] states that ones ability to control
movement depends on kinesthetic sense. if muscle
spindles are responsible for kinesthetic sense, or prop-
rioception, as suggested earlier, then a malfunction of
the sensory feedback could be the cause of diminished
proprioception seen in many with CP. Nielson's[10]
work with athetoid CP subjects suggests a relationship
between a faulty feedback control system and athetot-
ic movements. His studies imply that the cause of
these abnormal movements is an underdamped closed
loop control system. From a control systems view-
point, under damping implies an alteration in the gain
of a feedback loop. It is precisely this "control of
gain" that Matthews[9] suggested as the role of the
gamma motor system. It could be that a malfunction-
ing gamma motor system may be the cause of faulty
stretch receptor sensitivity. This could result in too
much or too little position or velocity feedback travel-
ing around the loops thus causing abnormal motor re-
sponses.
B  looking at neuromuscular dysfunction from a con-
trol systems viewpoint, an attempt can be made to ex-
plain why signs, such as decreased proprioception,
abnormal stretch reflexes, and abnormal motor re-
sponses are seen in those with cerebral palsy. It is pos-
sible that a faulty feedback loop, specifically
abnormal stretch receptor sensitivity could be the di-
rect cause these abnormal signs. If muscle spindles are
responsible for proprioception, then abnormal stretch
receptor sensitivity could cause an alteration in this
sense. Faulty stretch receptor sensitivity could also be
the cause of abnormal stretch reflexes. Alteration of
the gain in the feedback loop which leads to under -
damping of the system may again be responsible for
abnormal movement seen in those with CP.
The Role of Vestibular Stimulation

It was suggested at the end of the anatomy /physiology
section that vestibular stimulation may change the
sensitivity of the muscle spindle. If the abnormal
proprioception, and abnormal stretch reflexes, often
seen in those with CP is caused by faulty sensory

feedback, as was earlier suggested, then vestibular
stimulation, specifically in the form of vertical
oscillations, may help to enhance the natural feedback
systems of those with CP by biasing it to a more
normal level.

DISCUSSION

Vestibular stimulation is used as a treatment tech-
nique in many clinics. However, more needs to be
done to totally justify and explain its use. Based on an-
atomical and physiological evidence the authors have
used methods from feedback control theory in an at-
tempt to explain why vestibular stimulation, specifi-
cally in the form of vertical oscillations, is beneficial
and should be investigated as an important therapeutic
intervention in the treatment of CP.
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ABSTRACT

An approach to the use of mathematical modeling of
the neuromuscular control system to gain greater in-
sight into an understanding of cerebral palsy is pre-
sented. The paper describes how optimization
techniques might be used to shed light on the mecha-
nisms whereby vestibular stimulation has a therapeu-
tic influence on those with this disability.

INTRODUCTION

Advances in mathematical modeling of neuromuscu-
lar systems in recent years has provided much in the
way of insight into how various levels of the nervous
system might function. To date, most of this work has
been applied to the understanding of the intact ner-
vous system. The purpose of this paper is to show that
these models are now at a point where they offer op-
portunities to gain greater insight into the pathology
of neuromuscular disabilities. In particular, it is be-
lieved that a great deal can be gained from the appli-
cation of systems modeling to various phenomena
observed in the cerebral palsy clinic which are, at
present, poorly understood.
One phenomenon, which is the basis for the present
work and the motivation behind this paper, is the ef-
fect of vestibular stimulation on those with cerebral

palsy. This effect, which is to change the tone of the
muscles, has been noted by many authors and com-
prises an integral part of most therapy programs for
those with this neurological disability.
If the clinician is to make optimal use of vestibular
stimulation, there must be a complete understanding
of both the physiological mechanisms by which the
desired change in tone is effected and the means by
which the effect can be maximized.
In a separate paper [21 the author outlined the physio-
logical basis for an hypothesis suggesting that vertical
osci lla tions  might  be  one of  the  mo re prod uct ive
forms of ves tibular s timulation. In this paper an ave-
nue of research will be proposed, directed not only at
demons tra ting that this theory is  correct, but also to
shed light on the  nature  of the  change which takes
place during the use of this form of therapy.

B A C K G R O U N D

In attempting to gain insight (from a  control sys tems
viewpoint) into the effects of vestibular, or any form
of s timulation, on the  overall  tone of muscles , it  is
useful to separate out the spinal level control
mechanisms from the influence of higher centers of
the centra l nervous  system. Such a  separation allows
one to view the  muscles  and neurons  controlling a
single  joint as a Joint Angle Control Sys tem with the
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Elbow Joint Anatomy & Phys iology
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Joint Angle Control System

influence from higher centers acting as input to that
system. The anatomical and physiological
connections of one joint angle control system (the
elbow) are illustrated schematically in Figure 1.
Several studies in neuromuscular control have been
undertaken in recent years which are of interest in
determining the effect of central nervous system
influence at the spinal level. Ramos, et al.[7] have
used a 6th order muscle and a 3rd order muscle
spindle model to demonstrate the source of the
triphasic EMG patterns seen in ballistic head
movements. The Ramos[6] model of the joint angle
control system is presented in Figure 2.
It is the intent of the present investigators to adapt an
approach similar to Ramos and Stark[8] in examining
the effect of the vestibular apparatus on the tone of
those with cerebral palsy.

PROBLEM STATEMENT

How might modern systems modeling be used to en-
hance the understanding of the effect of vestibular
stimulation on the overall tone of those with cerebral
palsy?

APPROACH

In order to test the effects of vestibular stimulation on
those with cerebral palsy a testing protocol has been
developed which will measure the stiffness of the el-
bow or wrist joint before and after stimulation. A Joint

Assessment Device (JAD), from Shriners Hospital in
Chicago, will be used. This device, designed to apply
a velocity across a joint while monitoring the torque
required to maintain the velocity, has been tested and
used extensively by Harris[5],[3],[4]. He has demon-
strated its effectiveness in assessing changes in cere-
bral palsied patients before and after various
interventions.
By applying the JAD before and after a subject is
stimulated on our Vestibular Stimulation Table [1],
recordings can be made of velocity, torque, and sur-
face EMG from the muscles of the joint under test.
While a difference in joint stiffness will be expected
as a result of stimulation, it will not be clear from this
data alone what mechanisms have caused this change.
Viewed in terms of input to the Joint Angle Control
System, vestibular stimulation may act via the alpha
or the gamma motor neurons. While the EMG signal
can be expected to be proportional to alpha motor
neuron excitation, the signals cannot distinguish be-
tween the origins of this excitation, i.e. direct excita-
tion or by way of the dynamic afferents of the stretch
reflex loop. Some of this ambiguity can be eliminated
by examining the dynamics of a system model.
The Ramos model can be defined by 16 equations.
Seven of these are given below and are of interest
here. Starting with these equations the authors will
solve for a profile of torque(output) given a step
change in joint velocity (input). This will allow a
direct comparison between modeled data and
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N R = C N R + S N ' , (7)
Kip - Load Stiffness*
Bp - Load Dampening*

Jp - Load Inertia*
Fs - Muscle Force (R & L)
S - Feedback from the Muscle Spindle (R & L)
w - Position Feedback Weighting Function

A - Velocity Feedback Weighting Function
X - Acceleration Feedback Weighting Function
C N - Central Nervous System input (R & L)
N - Alpha Motor Neuron Excitation (R & L)*

recorded data .  Once this solution has  been obtained,
optimization techniques  can be applied which permit
the evaluation of various  parameters.

Again, of interest is  the route by which the ves tibular
apparatus effects tone. This effect can be mediated via
four mechanisms: 1) changing alpha motor neuron ex-
cita tion, 2) changing dynamic gamma motor neuron
excita tion, 3) changing static motor excitation, or 4) a
combination of a ll  three .  In the  Ramos  model these
mechanisms  are represented by the  following param-

eters:
NL: Alpha motor neuron excitation
[1.: Dynamic gamma motor excitation
01 Static gamma motor excitation.

It  should be pointed out that a fourth variable X (the
acceleration weighting function) is  used in the  Ramos
model to account for non- linearities in the spindle af-
ferent information.  This  variable would appear to be
dependent on both s ta tic and dynamic gamma excita-
tion and changes  in it  would imply ves tibular influ-
ence via  the gamma route .

In applying Bremerman's  Optimization Techniques ,
outlined by Ramos , e t  a l . [ 7] , one would use  a  cos t
function which would mini mize the difference
betwee n the  dynami cs  of the  mo del and the  actual
recorded dynamics of the subjects. This would
establish value s  fo r the  three  pa rame ters  outl ined
above. The same optimization, repeated for data
collected after ves tibular s timulation, should offer
cons iderable ins ight into the way in which such
stimulation influences  tone.

•These variables will he available from the Joint Assessment Device

It  mus t be  noted that the  three  parameters  defined
above fa ll  in two dis tinct groups .  Alpha excita tion

comes from direct measurement of surface EMG,
whereas  static and dynamic gamma excita tion will not
be measured in the  present work and thus  will  be cal-
culated. Further, a lpha excitation will be dependent on
gamma excita tion via  the  s tre tch reflex loop.  This
complication must be given careful cons ideration
when any optimization is applied.

The experimental setup will be such that surface EMG
will be presented to each subject on a CRT screen. At
the outset of each experiment the subject will  be in-

structed to make his EMG activity as small as possi-
ble. If the simulations runs using the model are then
limited to the first 50 - 80 msec. (i.e. the time for a sig-
nal to arrive from the brain) it can be assumed that all
activity in the EMG is due to feedback (stretch reflex
loop) activity.
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Abstract

The Americans with Disab ilit ies  Act was s igned into law by
Pres ident Bush on July 26, 1990. Title I of the act requires
non -discrimination in employment, with reasonable
accommodations fo r potential and c urrent employees.
Accord ing to  Title 1, employers, mus t make reaso nable
accommo dations  to the known physical or mental
limitations of an o therwise qualified individual. A
reasonable accommodation is an adaptation of the
workp lace,  the equip ment or the jo b its elf which enables a
disabled employee to perform the essential functions of a
particular job. Ergonomists evaluate accommo dations
designed to reduce or eliminate ergonomic  stres sors in the
workplace. Ergono mists  are also qualified to evaluate
reasonable accommodations of the workplace, its
procedures and access for disabled employees. While
ind ustries are trying to c omp ly with the ADA, they are in
the process of a methods revolution in response to global

competition.

Backgro und

The objec tive of ergonomic s is to adapt the job and
workp lace to the worker by designing tas ks within the
worker's  cap abilities and limitations (OSHA,  1988). In
essence, it is  making reasonable ac commodations for all
workers, not specifically disabled workers.

American ind ustry is currently in the mid st o f a revolution
of its methods  of operation. International comp etitio n has
revealed operating ineffic ienc ies and a lac k of flexibility
(Harmo n, 1992; Sc honberger, 1986). The restructuring of
American industry is focusing o n eliminating non -value
added ac tivities and s hifting operational co ntrol to lower
levels in the organization. These actions are requiring
industry to closely examine each task's contributio n to the
value o f the final product and develop mo re auto nomous
groups of functions and employees  such as manufacturing
cells  and  foc used factories (Whyte,  1991; Os bum,  et. al.,

1990).

As industry has sought to meet demands for increased
economic efficiency it has  also realized significant losses
due to rep etit ive motio n dis orders, p rimarily carp al tunnel
syndrome and b ack injuries. Back injuries caused by
overexertion have been c alculated to cos t industry over
$3,000,000,000 in 1985 (Eby, 1991). The average costs
associated with a carpal tunnel syndrome c ase have been
estimated  to be b etween $15,000 and $18,000 (F ernandez
et al. , 1990). The response of industry has  been to initiate
programs that examine task for the repetit ive stressors
involved and  redesign the tasks in order to reduce the levels
of exertio n required fo r their ac comp lishment. Similar
studies are being performed o n cognitive tasks in ord er to
reduce the cognitive load of information based tasks.
These actions  involve direct examinatio n of the func tional

1 . 8

requirements  of human tasks. The imp act ofchro nic
exposures to excessive stress  are bec oming apparent in the
nondis abled population thus increas ing the numb er of
persons with disabilities (P ope, 1991). Many larger firms
are establishing ergono mics programs in o rder to reduce the
incidenc e of work related injuries and increase quality and
prod uctivity (Katzel,  1991).

Many firms are at tempting to  retain their workers after an
injury has  occurred. They are finding it mo re cost  effective
to retain a wo rker than hiring a replacement. Many
emplo yees  who leave bec ause of an injury could be put back
to wo rk almos t immediately if provided a reasonable
accommodation or if reassigned to a task that fits their
capabilities. It is here that job d escriptions of essential job
functions  will be a valuab le tool to return peo ple to work.

Statement o f the P ro b lem

The current interest s hown in eliminating non -value added
activities has spurred  the implementatio n of a variety of new
management techniques such as ; just -in -time, demand pull
productio n, cellular manufacturing, and activity b ased
accounting. Businesses must b e able to determine which of
the activities normally performed during a task are in fact
"essential functions% The definitio n of "essential func tions"
requires  a systematic determination of the basic b usiness
processes. A major reaso n for the trauma b eing experience
by industry in adop ting these new techniques is that
management practices have develo ped in a piecemeal
fashion by respo nding to each new requirement with a more
complex system. This evolutionary process frequently has
developed system that do not respond to overall
organizatio nal o bjectives. These same proc ess have had an
impact o n task design. Tasks have evolved in res ponse to
the d emand s of production with lit tle formal regard to  the
capab ilities of the workforce. Most jobs are not designed
on so und ergono mic p rinciples

Oualified Ind ividual with a Dis ab ility . A "qualified
individ ual with a d isability" refers to an ind ividual "who
with or without reasonable acco mmodation, can perform the
essential func tions o f the employment position that such
individ ual holds o r d esires"  (442 US S Ct 403,  406 (1979)).

Reasonable Ac commodation. Disc rimination includes the
failure to  make "reasonab le ac commo datio ns to  the known
phys ical o r mental limitations  of an otherwise qualified
individ ual with a disab ility who  is an app lic ant or
emplo yee,"  (42 U.S.C. # 1211 (b)(1) and (b )(5)(a)).

Determining the app ropriate reaso nable acc ommo datio n is
described  by the EEOC as:

"(1) Analyze the particular job involved and determine
its purpose and essential functions;
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(2) Consult with the perso n with a disab ility to
ascertain the precise job - related limitations
imp osed b y the ind ividual' s d isability and how
thos e limitations could b e o verc ome with a
reasonable ac commod ation;

(3) In the co nsultatio n with the individ ual to  be
accommodated, id entify potential acco mmodations
and assess the effec tiveness  eac h wo uld have in
enabling the ind ividual to perfo rm the essential
functions of the p ositio n; and

(4) Cons ider the preference of the ind ividual to  be
acco mmo dated and s elect and implement that
accommodation that is  most appro priate for both
the employee and emp loyer."

Und ue Hard ship. Und ue hards hip  is d efined b y the EEOC
in the App endix to the ADA regulations as "any
acco mmod atio n that would be und uly cos tly,  exp ensive,
sub stantial,  or disruptive,  or that  wo uld  fundamentally alter
the nature o r the operation of the b usines s" (42 U.S.C . #
1211(10)(A)). Facto rs to be cons idered in determining
undue hard ship  include:
1. the nature and cost of the accommodation;
2. the overall f inancial res ources of the fac ility;
3. the number of pers ons  emp loyed;
4. the effect o f the ac commodation on facility

operation; and
5. the type of operation.

An emplo yer will be required to provide the
acco mmod atio n, even if it canno t afford  to do s o, if funds
are available from ano ther so urc e (suc h as Vocatio nal
Rehabilitatio n Services ), or the dis abled employee is in a
position to  either pro vide the ac commodation himself or
pay " that portion o f the cost  whic h co nstitutes the undue
hards hip " (Ap pendix to  29 CFR Part 1630, 56 Fed . Reg. at
35748).

Und ue hardship may also  co me in the form of lo st
efficiency suc h as  in the situation where acco mmo dations
mad e b y an employer were reas onable and affo rdable, b ut
the performanc e of by the ind ividual with a d isability was
signific antly lo wer than that  of other workers in the same
position.

Essential Job Functions The determinatio n o f which
portions  of a jo b are nones sential and therefo re not relevant
to the emp loyee selectio n process  req uires  careful analysis.
In the c as e o f Koffler v.  Hahnemann University the c ourt
found that altho ugh func tions requiring less  than 10 percent
of the working t ime co uld  no t b e p erformed bec aus e o f a
disab ility, these func tions were es sential compo nents of the
position. It s tated that " to require an emplo yer to adopt an
entirely different standard of attendance for a handicapped
perso n is  not a reasonable acc ommo datio n as  a matter of
law. The handic apped individual mus t be ab le to p erform
all of his res ponsibilities after reasonable acc ommodation ".

fac t, many firms are in the process of revising job
description so that they are less s pecific. This is part of
industry's attemp t to increase efficiency through developing
a mo re flexible and respo nsive s ystem o f labor
specifications. Each emp loyee may be asked to  perform a
wide variety of tasks and  func tions  can be changed
unpredictably. The lac k of detail in these new fo rms of job
desc rip tions may make it eas ier to "qualify" for a job, but it
may als o make it more difficult to define "essential job
functions ". Determining essential job  functions will be
tasks that the ergonomists  can perform.

Imp lic atio ns

Facto rs S uppo rting ADA Implementation

1. Definition o f value adding activities and "essential
functions"

2. Emphasis  on human c apability and task des ign
(ergonomics)

3. Focus o n wo rk teams whic h allow emp loyees
within teams  to share task respo nsib ilit ies

4. Direct intervention of ergo nomists  in task des ign

5. Many "accommodations" b ecome standard parts of
the task as performed b y all employees

6. Requirement through wo rkmen's compensation that
fund s vocatio nal rehabilitation,  many firms will
find it mo re cost effective to  accommodate task to
the injured worker than to  hire and train a new
worker

7. Increasing role of "part icipatory ergonomics " in
task design

Factors  Co nflict ing with ADA Implementation

1. Less specific job descriptions

2. Greater s kill variety expected  for each pos itio n in
the workforce

3. Movement away from individual p erformance
standards (p iece rates) to group and  skill based

systems

4. Many industries are malting major changes in their
operatio ns and may be reluctant to make the
add itional c hanges  required  by the ADA

5. No increase in Vocational Rehabilitation funding to
reduce "und ue hard ship " o n firms

A primary source for determining "es sential jo b func tio ns"
is a written job  des crip tion develop ed b efore ad vertising or Discussion
interviewing for the p ositio n. There currently exis ts no
stand ard for d eveloping "functio nal"  job desc riptions. In The result of the latest Harris s urvey c ommissio ned  by the
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National Organization on Disability,  "Public  Attitudes
Toward P eople with Disabilities ," reveals signific ant
support for the o bjectives o f the ADA. Although fewer
than 1 in 5 had heard of the ADA,  two- thirds believes  that
disabled p eople are "discriminated against in equal access
to employment " , a third advo cates spending "a great deal"
of money to make schoo ls, transportation and  public
facilit ies more accessible,  and 80 percent believe disabled
people want to work.

Sinc e the law was  signed in 1990,  there has  been a huge
public investment in ADA educ ation. Thus far the federal
government has awarded  over $12,000,000 in grants and
contracts to pro vide education and training materials.
There has  been no  inc reas e in the EEOC budget for
enforcement or signific ant investment in d eveloping the
technical expertise to interpret and implement the ADA
requirements at the individual acc ommod atio n level.

Most of the effort spent in refining job descriptions and
requirements will b e returned through better job d esign and
reduction of non -value added activities.

There are numerous examples of systems develop ed for
persons with disabilit ies that have b een inc orporated into
systems widely used in industry by the general pop ulation.
Each of thes e systems was designed  to augment a specific
disability. This augmentation o ften also reduces the stress
experienced by persons witho ut disabilities when
performing tasks. The grap hic al user interface (GUI) that
is becoming popular for computer systems is an ap plication
of symbolic  communication that has a long history in the
form of Bliss symbols. Recent interest in workplace
seating has brought about the development of "ergonomic"
neutral posture seating systems. The des ign of posit ioning
systems is another area which has been pioneered in
application to persons with disab ilities. Modern hand tools
bare a remarkab le resemb lance to eating utensils  designed
for p ersons with limited grip  strength and d exterity.
Reducing the s tress produced by a task through design
make the task ac cessib le to  a larger p opulation.

Who does the modification b elong to. If it is funded by
vocatio nal rehabilitation,  can it  be us ed by o thers. What
impac t will this have fo r the severely disab led? Will the
standard for reasonable acco mmodation change o ver time?
Are there s ufficient resources availab le fo r rationale task
design and modification? Given the current d emand for
qualified ergonomists, there is a shortage. Skill req uired in
both rehabilitation and production systems.
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2.1

A Neuroprosthetic Cough Assist Device for use in Spinal Cord Injury

RJ Jaegerl,Z J Woloszko 1 RM Turba2 GM Yarkony2,1 EJ Roth2
'Pritzker Inst Med Eng, Illinois Inst Tech, Chicago, IL USA

ZDept Rehab Med, Northwestern Univ, Chicago, IL USA

Introduction

This research focuses on using
electrical stimulation in an appli-
cation that might have great impact
on improving the life span of indi-
viduals with higher level spinal
cord injuries. Pulmonary complica-
tions are now recognized as a major
contributor to mortality in these
individuals, presently accounting
for the majority of morbidity and
mortality of spinal cord injuries.
Retention of secretions, atelecta-
sis, and pneumonia are the most
commonly occurring complications.
Loss of the ability to cough is at
least a partial (if not a major)
contributor to these pulmonary
complications. A prototype neural
prosthetic device is described that
can improve the ability of individ-
uals to cough.

Methods

Inability to cough is primarily due
to paralysis of abdominal muscles
which are the major muscles of
expiration. These muscles are
amenable to electrical stimulation
with surface electrodes. The pro-
posed device for cough assist
should not be confused with exist-
ing devices for phrenic pacing.
Phrenic pacing is intended to cause
contraction of the diaphragm, the
major muscle of inspiration.

A prototype neuroprosthetic device
has been developed to allow a quad-
riplegic individual with impaired
cough to voluntarily produce elec-
trically stimulated coughs without
immediate assistance of a care
giver. The device measures 13x8.5
x4.5 cm, and weighs 435 g. It is
similar to a previous stimulator
developed for lower- extremity ap-
plications. It is microprocessor
controlled (Intel 87C51). Power is
provided by 4 AA cells, and stimu-
lus pulses are generated with pulse
transformers.

Surface electrodes (EncoreTM Plus,
round 7.6 cm diameter) deliver
stimulation to abdominal muscles.
Two pairs of electrodes are used.
They are placed as shown in figure
1. The stimulator delivers a sin-
gle pulse train of adjustable dura-
tion (0.5 to 2.0 s). Individual
pulses are 200us wide, delivered at
a 50 Hz stimulation frequency. The
amplitude is adjustable between 0
and 110 V. The stimulator is trig-
gered by pressing the command
switch. The unit beeps, then de-
livers the pulse train to abdominal
muscles to initiate the cough. The
user is responsible for coordinat-
ing the breathing pattern prior to
the cough (a good inspiration is
needed) and the holding and release
of the glottis.

Results

Ten quadriplegic patients were
enrolled in a study to test the
effectiveness of this technique.
Peak expiratory flow was measured
("Assess" flow meter, Healthscan
Products) during voluntary, manual-
ly assisted, and electrically stim-
ulated coughs. Acceptable abdomi-
nal muscle contractions were ob-
tained in five of the ten patients.
Sensation to the stimulation pre-
cluded use of the technique in four
patients, and atrophied abdominal
muscles appeared to be a problem in
two patients. The three types of
coughs were alternately measured
(e.g. voluntary with no manual
assist, manually assisted, electri-
cally stimulated) for five repeti-
tions. Thus a total of 15 cough
measurements were made on each
subject. Data from subjects with
abdominal muscles that responded to
stimulation were analyzed with an
analysis of variance, after normal-
izing flows to the mean flow for
volitional coughs. The normaliza-
tion was done on an individual
basis. The mean peak flow of the
volitional cough was computed by
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averaging the 5 repetitions of the
volitional cough (no assist).
Then, every cough measurement for
that patient was divided by this
mean. In this way, all subjects
had a volitional cough index of
1.0. If peak flows were better
than volitional, the index had a
value of greater than 1.0. There
was a significant difference be-
tween the three types of cough, and
post hoc comparisons found the
means of normalized data for all
three groups to differ. The nor-
malized data is summarized in fig-
ure 2.

Discussion

Pulmonary complications represent
multifaceted problem, and it is not
likely that a single solution will
completely solve the problem.
Therefore, a variety of approaches
to different aspects of this prob-
lem have been proposed. For exam-
ple, ventilation has been achieved
by both mechanical ventilation and
by phrenic pacing. This device is
directed to the problem of clearing
secretions from the respiratory
passageways. In higher level spi-
nal cord injury the patient is
impaired in the ability to clear
secretions. This has been dealt
with primarily by passive drainage
(positioning the patient so drain-
age occurs by gravity), active
suction (if secretions are particu-
larly heavy), and assisted or
"quad" cough (manual pressure ap-
plied to the abdomen by a thera-
pist). Each of these methods have
varying degrees of effectiveness,
however they all require active
intervention by a care giver.
Studies have shown that a signifi-
cant improvement in cough can be
achieved by the manually assisted
method. This method has the obvi-
ous advantage of providing a cough
when no cough (or a poor cough)
could be generated by the individu-
al. It has the disadvantage of
requiring an assistant every time a
cough is to be produced. Given the
eventual compromises that are made
with respect to medical care, it is
highly likely that patients do not
cough with the frequency they
should. No definitive study can be
cited to support this supposition.
At present, there is at least some
indirect support for this supposi-

tion, since increased pulmonary
complications are present in this
population, and clinical attempts
have been made to restore some type
of cough activity via the assisted
cough.

In general, neural prosthetic
devices targeting relatively few
muscles with minimal channels of
stimulation, and open loop control
requirements have been the most
successful and most likely to im-
pact increasing the life span of
persons with spinal cord injury.
This is typified by devices for
bladder control and phrenic pacing.
Based on this line of reasoning,
the technique proposed in this
project is also likely to be suc-
cessful. This is not to say howev-
er, that there are no problems to
be overcome in the proposed ap-
proach. Anticipated problems with
the proposed research include
training individuals to coordinate
their volitional activity to work
in concert with the stimulator,
sensitivity to the electrical stim-
ulation in incomplete individual,
possible effects on bowel and blad-
der programs, and the need for an
alarm system in cases where suction
would be required. If clinical
feasibility can be demonstrated,
long -term studies would be needed
to quantify the efficacy of such an
approach in reducing the incidence
of respiratory complications.
Independence from care givers is a
hallmark of effective rehabilita-
tion in nearly every case. The
long -term goal of this research is
to make individuals independent of
a care giver with respect to cough.
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F i g u r e  1 :  S c h e m a t i c  i l l u s t r a t i o n  o f
e l e c t r o d e  p l a c e m e n t .
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Figure 2: Comparison of three cough
methods, voluntary, electrical
stimulation, and assisted. Means ±
95% confidence intervals are plot-
ted. Coughs have all been normal-
ized to voluntary cough (e.g. data
were transformed (individual obser-
vation of peak expiratory
flow) /(mean peak expiratory flow
for voluntary coughs). See text
for details.
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2.2Surgical Alterations and Functional Electrical
Stimulation for Restoration of Hand Function

Hunter Peckham, Michael W. Keith, Kevin L. Kilgore,
Kathryn C. Stroh, Ronald L. Hart

Case Western Reserve University
Veterans Affairs Medical Center

Rehabilitation Engineering Center
Cleveland, Ohio 44106

Functional electrical stimulation (FES) has
been shown to be an effective method to
restore hand function and improve the
capabilities for independent function of
ADL tasks (Wijman, 1990). In some
instances, we have found that the use of
tendon transfers of paralyzed and
innervated muscles, combined with
electrical stimulation, can  be  us ed to
improve function. The objectives of this
approach are: 1) to substitute for muscles
which are denervated and cannot be
electrically excited, 2) to reduce the
number of joints that are moved ( "motored ")
by the muscle, and 3) to provide more
synchronous joint movement and force
transmission.

Methods and Subjects. Subjects for this
procedure were nine individuals who had
sustained spinal cord injury and had
remaining C5 or C6 level injury. All
patients were users of an upper extremity
FES neuroprosthesis and were at least one
year post- injury. The surgical procedures
performed include arthrodeses, tendon
transfers, tendon anastomoses, and
rotational osteotomy. These procedures
were commonly applied hand surgical
procedures which were tailored to the
individual dysfunction of each patient.

Results. The specific procedures are shown
in Table 1. Note that a variety of
procedures were performed, and that
generally several procedures were performed
on any individual patient. The most common
procedures were fusion of the
interphalangeal joint of the thumb,
synchronization of finger flexor and /or
extensor tendons, and tendon transfers to
substitute for a denervated muscle. Tendon
transfers were most variable because the
muscle being transferred must be both
electrically excitable and transferrable
for the desired function. The latter
consideration means having sufficient
strength and excursion for the new
function, a direct line of pull after
transfer, and absence of secondary
movements.
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We have used force vectors as a means of
predicting the utility of any particular
muscle as a transfer. An example is shown
in Fig. 1. The subject of this study was
KHT, a C5 quadriplegic man, who had no
voluntarily active wrist extensors and

denervated extensor carpi radialis longus
and brevis. Since KHT wanted to be free of
an orthosis for wrist stabilization, we
examined two muscles for transfer: the
flexor carpi radialis (FCR) and extensor
carpi ulnaris (ECU), both voluntarily
inactive but electrically excitable
muscles. As shown in this figure, both
muscles generated substantial wrist
moments, with the FCR approximately three
times stronger than the ECU. However, the
ECU was selected for transfer because we
estimated that it was sufficiently strong
and had a forearm moment towards supination
that would reinforce the rather weak
voluntary supination generated by Biceps.
The FCR, in contrast, would generate
pronation. The result of the transfer of
ECU to ECRB is also shown in the figure.
Wrist extension generated by the
transferred and stimulated ECU is nearly in
direct extension, until spillover to an
adjacent muscle occurs. This wrist
extension has been sufficient to free KHT
of his wrist -hand orthosis in outpatient

use.

RESNA In t er n at i on a l '92 • June 6  -11 , 1992 27



Surgical Alterations

We have found that the transfers of
paralyzed muscles are subject to the same
complications as normal muscles (eg. tendon
rupture, adhesions), and that transfers can
upset the balance between muscles in the
hand. To minimize these potential
problems, we have used intraoperative
electrical stimulation to assess the proper
balance between muscles (Mendelson et.al.
1988; Freehafer et.al. 1988) and early
mobilization of muscles post- surgery, using
electrical stimulation to provide
controlled activation of antagonistic
muscles in alternating lengthening and
shortening sequences. These procedures
have been transferred to our collaborating
center at Shriners Hospital in
Philadelphia, which has performed similar
procedures in four patients.

Conclusions. Surgical alterations are an
effective means to compliment FES in
restoring function in the hand. Proper
selection of muscles and transfers can be
based on standard hand surgery principles.
Precautions to promote optimal function
include intra- operative stimulation and
post- operative mobilization using FES.
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Figur e 1.  Wris t  torq ues  d evelo ped b y ele c tr ic ally s timu lated  musc les .
(a)  ECU b efore and  after  tr ansfer  to  ECRB,  an d (b)  FCR
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ST I M U L A T I O N  S Y S T E M F O R  T E T R A P L E G I C S
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St a t e  U ni v e r s i ty  o f  C am p i n a s , C a m p i na s ,  S P , B r a z i l

AB S T RA C T

Th i s  p a p e r p r e s e n t s th e d ev el o pm en t
an d  f e as i bi l it y study of  a sy s te m
for re s to r a ti o n of upp er limb
mo v e m en t  t o t e t ra p l e gi c s , th ro ug h a
ne u r o m us c u l a r st i mu l a ti o n vo ic e
co n tr o ll e d sy s te m and using
ar ti fi ci al neural ne t wo r ks . The
sy s t e m is co mp o se d of seve ral
mo d ul e s wh i ch  ar e re s p o n s i b l e for
th e fi lt er in g and sa m p li n g of
vo ic e, digital signal pr oc e ss i ng ,
pa tt er n re co g ni t io n and
ne u r om u s cu l a r st i mu l at i on . The
pa tt er n re co g ni t io n modu le, to
ide nti fy the ph o ne m es , was
im pl e me n te d  u s in g a n eur al netw ork
pa r ad i gm , em pl oy in g a mu lt i la ye r
Pe rc e pt ro n neural network with
Ba c kp r o pa g a ti o n tr ai ni ng met ho d.
Ne u r a l  n e t w o r ks  w e r e ch o s e n  b e c a u s e
they al l ow  a ma ss iv e pa r al l el i sm ,
hi g h  p r o ce s s i ng  s pe e d , an d ca pa ci ty
of ad a pt a ti o n for new so n o ro u s
pa t te r ns .

BA C K G R O U N D

Re s t o r at i o n  o f u p p e r li m b f u nc t io n s
to cer vic al lesi oned su b j e c t s
thr ou gh el ec tr ic al st i m u l a t i o n  h a s
been un d e r in ve st i ga ti on .
Mu lt ic ha nn el st i m u la t o r s all ow a
la rg e nu m be r of mo v em e nt s to  th e
pa r a ly s e d limb (1). Co m p le t e
te t r a p le g i c s sh ow ext ra
di f f i c ul t i e s in the se l ec t io n of
hand - wrist, arm and for ea rm
mo ve me nt s, s i n c e the way to
tr ig g er in g th e st im u la t io n will
de p en d on th e p a t i e n t s re ma in ed
phy sic al ab il it ie s. The lat ter
aspect le ad s to a sp ec if ic da ta
input sy st em for a pa r ti c ul a r
pa ti e nt . Ta k in g  in t o acco unt that
mo st  o f th e s e pa t i e n ts  h a v e the ir
vo ic es pr es er ve d, a voi ce
co n t r o l le d  s t i mu l a t o r c a n  b e c o m e a
mod ul ar and func tio nal
re h a bi l i ta t i o n s y st e m .

ST A T E M E N T O F  T H E  P R O B L E M

The ai m  of  t hi s  w or k  wa s  t o d e ve l o p
a Ne u ro m us c ul a r Ele ct ric al
St i m u l a t o r for Te t r ap l e gi c s based
up o n  a V o i c e C o n tr o l  S ys t e m .

2.3

Th e vo ic e  c o mm an d in g input sy s te m
mu s t  b e  re l i a b l e  a n d  a b l e to ea si ly
adapt to di ffe re nt so un d pa t t er n s
in h er e nt  to  di f fe r en t su b j e c ts  ( n e w
us e r s ),  i . e . w i t h ou t  t h e n e e d for  a
co m p l e x tr ai ni ng for each
ind iv id ua l.

RA T I ON A L E

De sp it e t he  f ac t th a t  N e u r om u s cu l a r
El e c tr i c al  S t im u l at i o n c a n  b e do n e
th ro u gh  s e ve ra l co n t r o l s t r a te g i e s ,
a V o i c e Co n t ro l l ed  S ys t e m se e m s  t o
be mo re su i t a b l e to te t r ap l e gi c s
with dif fer ent level of le si on s
(c o m p l et e  o r in c om p l et e ) In or de r
to  h a v e an  e ff e c ti v e vo ic e  p at t er n
re c o g ni t i o n sy st em , Arti fic ial
Neural Ne t w or k s  w e r e us ed be c a u s e
the y ada pt to de v ia t io n s o n so un d
pa t te r ns , both within the sa m e
pat ie nt and with dif fe re nt

su b je c ts .

DE S I G N

Th e sy s te m is co m p os e d of fi ve
mo d ul e s wh i ch  ar e r e s p o n s i b l e for
fi lt er in g and sa mp l in g so n o r o u s
si gn a ls , s ig na l pr o ce s s in g ,  p a t te r n
re c o g ni t i o n and ne u r o m us c u l a r
st i m ul a t io n .

A l ow pa s s  f il t e r  (i  K H z ) was  us ed
for th e spe ctr al ana ly si s. Th e
sa m p li n g ma de us e of an A/D
c o n v e r t e r ( 2 KHz ), yie ldi ng a
ve c to r with 10 24 ti m e sig nal
sa m p l es .  A FF T  m od u l e ge n er a te d  a n
1 K H z no rm al is ed sp e ct r um . Th is
sp e c tr u m was su b di v id e d into 10
eq u a l b a nd s ,  ea c h  w i t h 10 0 Hz ,  f ro m
which hi gh er energy fr e qu e n ci e s
we re  se l ec t ed .

So un d pat te rn re c o g ni t i o n was
im pl e me n te d on  th e neural netw ork
mod ul e, thr ou gh the us e of a
mu l ti l ay e r Pe rc e pt ro n neural
net wo rk with Ba c kp r op a ga t io n
tr ai n in g me th od ol og y. The netw ork
r e l i e s on  t 0 in p ut s , 3  l a ye r s w it h
3 0 ne u r o n s each and th e ou t p u t s
re s p o n s i b l e for th e ne u r om u s cu l a r
g r o u p s to be ac t iv a te d thr ou gh

st i m ul a t io n .
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DEVELOPMENT

F r o m o b s e r v a t i o n s on vowel t i m e
s i g n a l s ( /a /, /e /, /i /, / o / and
/u /) of ou r la ng u ag e sy s te m ,
p e r i o d i c i t y and very li t tl e
a m p l i t u d e  c h a n g e s we r e n ot i ce d : in
t h e fr e qu e nc y sp e c tr u m , t h e s e
p h o n e m e s  d o sh o w  d i s ti n c t an d w el l
d e f i n e d  p a t t e r n s . Fu r t h e r m o r e ,  w h e n
s a m p l i n g t h e  s i g n a l  w i t h i n  t h e  s a m e
p a t i e n t , at re g u l a r in t e r v a l s
( h o u r s and da ys ), th e fr eq ue nc y
s p e c t r u m va r i e s litt le, d e s p i t e
a m p l i t u d e c h a n g e s in t h e
e n v e l o p i n g . T h e  p h o n e m e s /a /, / e /
and / i / we r e ch o s e n  i n or d e r to
a c t i v a t e the  p ar al yse d ar m of a C -6
i n c o m p l e t e t e t r a p l e g i c  ( 3 c h a n n e l s
w e r e  e n o u g h  f o r  s u c h  s u b j e c t ) .

T h e ne u r a l  ne t w o r k im pl e me n te d is
t h e  m u l t i l a y e r  t y p e Pe r c e p t r o n  w i t h
b a c k p r o p a g a t i o n tr ai n in g met ho d.
T h i s n e t w o r k  w o r k s  a s  a  c l a s s i f i e r ,
w h e r e th e ne u r on e s pe r fo r m a
we i g h i n g job with th ei r input
v a l u e s  b e i n g  a s s o c i a t e d to  s y na p t i c
we i g h t s . T h e first lay er is a
P e r c e p t r o n net wo rk re c e iv i n g t h e
input va l u e s d i r ec t l y . A sy n a p t i c
c o n n e c t i o n be tw ee n in p ut s and
n e u r o n e s and bet we en n e u r o n e s is
p e r f o r m e d th ro ug h a sy n a p t i c
c o n n e c t i o n  w e i g h t .

T r a i n i n g a netw ork c o n s i s t s in
d e t e r m i n i n g th e sy n a p t i c
c o n n e c t i o n s in  s u c h  a  w a y  t h a t  o n c e
a  l e a r n e d pa t te r n is  p re s e nt e d at
t h e  i n p u t , th e n e t w o r k  y i e l d s th e
d e s i r e d  v a l u e s  a t  t h e  o u t p u t s .

T h e tr a i n i n g was pe r f or m e d us in g
t h r e e p a t t e r n s  ( p h o n e m e s ) on e fo r
ea c h n e u r o m u s c u l a r gr ou p to b e
a c t i v a t e d : /a /, /e/ a / i / and 5
s a m p l e s of 3 ma l e pa t i en t s . Th e
s a m p l e s we r e tak en in di f fe r en t
da ys , i n c r e a s i n g  t h e va r i a b i li t y  t o
t h e p a t t e r n s  a n d t h e r e f o r e ma ki ng
s u r e  t h a t  t h e  n e t w o r k wo u l d  b e  l e s s
s u s c e p t i b l e t o  n o i s e  d u e  t o  c h a n g e s
in  t h e  s o u n d  p a t t e r n s .

T h e p a t t e r n s we r e ge n er a te d at
r a n d o m .  A b o u t  7 0 0 0 0 it e r a t i o n s  w e r e
m a d e with 14 CP U h o u r s and a
m a x i m u m e r r o r of + 0. 0 1 in t h e
input va l ue s . Th e sy s t e m wa s
d e v e l o p e d  i n  a  S U N  w o r k s t a t i o n .

EVALUATION AND DISCUSSION

Th e sy s te m was im pl e me n te d in an
IBM -PC mi c r o co m p u te r ,  be i n g te st ed
an an in co m pl et e C6 te t r ap l e gi c .
With ph o ne m es  fr o m ma le pa t ie n ts ,
th e network sh ow ed an ind ex of
su c c e ss  o f about 70 % ;  w i t h fe m a l e
vo i c es  ( 5 su b j e c t s ) ,  t h i s r a t e  w a s
be ll o w 2 0% , yi el di ng  o ut pu t va l ue s
di f f e r en t  f r o m t h e  ex p e c t e d o n e s .

Th e  p r ot o t y p e w a s  te s t e d an d  a  go o d
ac c e p ta n c e of the sy s te m by t h e
pati ent ( C 6 ) wa s  n o ti c ed , fo r wi th
a s i n g l e vo ic e co m m an d , he  c ou ld
co nt ro l hi s ar m mo ve me nt . Fu r th e r
cl in ic al te s t s ar e be in g do ne  i n
or d e r  t o  o p ti m i z e  t h e  s ys t e m .
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2 . 4 AN UPPER BODY EXERCISE SYSTEM INCORP ORATING RESISTIVE EXERCISE

WITH ELECTROMYOGRAP HIC FEEDBACK

T. Cameron, MS', L.E. Peppard, PhD% B. Needham - Shropshire, OTW, I. Broton, PhDZ, and K.J. Klose, PhD=
'Queen's University, Dept.  of Elec tric al Engineering, Kings ton ONT;

'Me Miami Project , University o f Miami,  Dept.  o f Neurolo gical Surgery, Miami F L.

ABST RACT

As a co nceq uence of s pinal c ord  injury (S CI) neurological
impulses  between the brain and  the periphery are dis rupted.
Quadriplegia res ults when this disruption occurs in the
cervic al regio n o f the sp inal co rd  .  T hes e ind ivid uals  are
usually c onfined to  a wheelchair and  have variab le d egrees
of func tion in the up p er extremities . A co mmo n mo de o f
therapy us ed  in the rehab ilitat io n o f c ervic al sp inal c o rd
injured (CSCI) ind ivid uals is resistive training (1,2).
Mus c le s trengthening c an no t o nly inc reas e func tio n b ut
als o c ontributes  to  a better self image. T radit ional training,
involving weights and ergo metric cycling,  c an increase the
overall strength of the patient b ut d oes  not target  the mo re
severely co mpromis ed mus cles . We have fo und  that  more
effective training can o c c ur when the patient can see
elec tro myo grap hic  (EMG) s ignals  p rod uc ed b y ind ivid ual
muscles. We have d evelo ped  a s ystem that  inc o rp o rates
res is t ive training with EMG feed b ac k, thus  allo wing the
individual to mod ify the EMG activity of ind ividual
mus cles during the exercis e pro gram.  The sys tem has  been
tes ted with no rmal subjects and  is now und ergoing clinic al
trials with a group of CS CI individ uals.

BACKGROUND

Spinal c ord injury afflicts nearly half a million people in the
United States, with app ro ximately 10,000 new cases
oc curring eac h year (2). T he majo rity o f injuries  o c cur in
yo ung (16 -30) healthy ind ivid uals ,  and  are fo ur t imes  as
likely to  b e male than female (3). Injuries  to the cervic al
region o f the sp inal cord ac count for appro ximately 53% of
all thos e with s pinal co rd injuries  and 30% of thes e injuries
are inc omp lete (3). A majo rity of these injuries occ ur at the
C5 -C6 level d ue to  the cervical enlargement of the s pinal
cord . When an incomplete lesion occ urs  the patient may be
left  with partially innervated mus cles. A typical patient may
have no rmally innervated  b ic ep s (C5) b ut o nly p art ially
innverated  tricep s (C6- 0)(5). With p roper therapy patients
can rec o ver so me func tio n within the first few years  o f
injury;  ho wever, add itional recovery can be very s low. T his
can be attributed to  muscle atrophy and lack of sensation. A
mus cle that  is not us ed is  known to atrophy (4,5,6),  and in
sp inal c o rd  injured p atients  a mus c le c an atro phy to  the
point where no observab le twitch is seen. Alo ng with loss of
strength of the musc le, impo rtant s enso ry feed back is also
lost  (5,6).  This results in the los s o f ap pro priate sens ations
needed to accompany muscle strengthening programs.

Physical rehabilitation o f CS CI individuals fo cuses mainly
on up p er bo d y s trengthening.  A co mmo n d evic e used  fo r
this purpose is an up p e r b o d y ergometer. A patient is
routinely set up o n this  devic e b y an o ccupational therap ist
and  then p ermitted  to  exerc is e.  T his  typ e o f exerc is e is
effective in inc reas ing strength in so me mus cles ; ho wever,
stronger functioning mus cles may compensate for

weakened muscles, and  the overall effectivenes s o f the
exerc is e may be reduc ed .  CS CI p atients have b oth mo to r
and sensory imp airment and therefore lack no rmal
propnoceptive feedback. This results in difficulty in
determining the extent to whic h each musc le is c ontributing
to the exerc ise.  We have develo ped an exerc ise system that
provides feedback to the ind ividual based on
elec tro myograp hic (EMG) signals from the involved
mus cles. These signals  are pres ented to indicate to  the
patient and therapist the amo unt o f ind ivid ual mus cle
invo lvement during exerc is e.

STATEMENT OF  THE PROBLEM

T he aim of this  p ro jec t was  to  d evelo p  an up p er b o d y
exercise system that incorporates resistive exercise with
electro myograp hic feedback.

DES IGN

The system c ons ists  of an upper bo dy ergometer (S aratoga
Cycle) and a Myoview' EMG processing/display unit .
Surfac e EMG is  reco rded and  used  to  light a light emitting
diode (LED) disp lay in the unit . The EMG signal is
differentially recorded via three surface elec tro des
(SensorMedic s, 265- 083547 -D) placed over the muscle of
interest . This s ignal is  then s ent to the Myoview control unit
which amp lifies , full -wave rec tifies,  and  filters  the s ignal.
The control unit is capab le of pro cessing EMG signals from
four different mus cles  simultaneous ly. Once processed the
signal is displayed by colour coded LED arrays which act as
"bar grap hs " o f musc le ac tivity. This real -time disp lay of
mus c le fo rc e is  us ed  b y the p atient  d uring the exerc is e
program to facilitate app ro priate musc le invo lvement o f
weakened muscles while relaxing undesirable mus cle
activity. A b loc k d iagram of the overall sys tem is  shown in

figure 1.

•LED Display Panels

tal ;p;

;o;
; a0o

sY>' sYP QYs 4Y4

Upper Body Ergometer Main Control Unit
(4 Channels)

F igure l: Bloc k d iagram o f the exercis e s ys tem s ho wing
the up p er b o d y ergometer,  the main c ontro l unit  and the

LED dis play p anels.

32 RESNA International **92 • June 6 -11, 1992



MYOELECT RIC F EEDBACK AND RES IS T IVE EXERCIS E

EVALUATION

This system has been tested on normally innervated subjects.
The res ult of o ne s uc h experiment is  s ho wn in figure 2. In
this exp eriment the sub ject was  told to  exercise normally for
several minutes  while EMG signals were recorded from
biceps and triceps o n bo th arms.  Figure 2a s hows  the EMG
signal from the right tricep s mus cle without feedb ack d uring
3 cycles with the ergometer.  The subject was then asked to
exerc ise while watching the d isplay in order to trying to  use
the triceps muscles more. Figure 2b shows the EMG s ignal
fro m the right tricep s musc le with feed bac k. It can be seen
that when the subject was allowed to watch the LED display
he was able to doub le the EMG output.

DISCUSSION

We fo und  that when the s ub jec t  was  able to  mo nitor the
EMG display during exercise, the EMG output of the muscle
could b e do ubled.  Fro m thes e results we c an conclud e that
this exercise system will b e beneficial in the rehabilitation
of s pinal co rd injured individuals.  These individuals usually
have diffic ult ies targeting individ ual mus cles b ecause of
their lac k of prop rioc eptive feedback. By incorp orating this
system with an exercise program including electrical
stimulation it may be po ssible to  increase function of these
individ uals . Exp eriments with CS CI ind ividuals  are b eing
conducted at the present time.
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Grap h of EMG signal (volts) vers us t ime (sec s) o f ilie right
triceps mus cle without feedback.

Graph of EMG signal (volts) versus time (secs) of the right
triceps muscle with feedback.

Figure 2: (A) This graph shows the EMG output of the right tricep s muscle during three cycles of exercise without
feedback. (B) This  graph shows the EMG o f the right triceps muscle during three cycles of exercise with feedback.
Both traces last for a total of four secs and each tick on the y axis represents 4 volts.
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2.5
Technology Transfer of a Functional Electrical Stimulation Hand System

G.B. Thrope, G.G. Naples, R.G. Hart, K.C. Stroh, J.R. Buckett, A.R. Ignagni, M.W. Keith, P.H.
Peckham, C.L. Van Doren

CWRU Rehabilitation Engineering Center Cleveland, OH

Introduction

The Case Western Reserve University (CWRU)
Rehabilitation Engineering Center has
successfully completed a transfer of its
neuroprosthetic hand system to four clinical
centers in North America. The neuroprosthetic
hand system enables quadriplegic Spinal Cord
Injury (SCI) individuals to independently control
the opening and closing of their hand through
the application of functional electrical stimulation
(FES) to their paralyzed muscles. The CWRU
program had previously documented that twenty
three SCI individuals realized a significant
enhancement in their activities of daily living
while using the hand system (Wijman, 1990).
We had demonstrated that by using
percutaneous electrodes, a cable electrode
interface suitable to the user, a controller that
was fairly simple to operate, and a stimulator /
controller device that could be attached to the
persons wheelchair, a person who previously
had no volitional control of their hand could once
again perform rudimentary yet important
activities of daily living.

Discussion

After proving that our systems were efficacious,
we set out to transfer the identical research
system to clinical sites to determine if similar
results could be achieved with patients outside of
Cleveland. Our hypothesis stated that the
application of a neuroprosthetic hand system to
people with a complete C5 or C6 SCI would
enable the user to achieve greater
independence, execute tasks more efficiently,
and perform activities which he typically could
not do without assistance. We chose clinical
centers and investigators with strong
backgrounds in rehabilitation engineering and
medicine who would be able to be trained in the
techniques of implementation and have the
ability to collect evaluation data. At present, we
have accomplished nearly all our goals, having
13 users implemented outside of Cleveland with
our FES hand system.

There have been five phases to our program

The first phase encompassed the organization of
our laboratory device into a clinically transferrable
system, ensuring that we could not only train
others in the implementation and evaluation of our
system, but also provide documentation,
workshop seminars, follow -up communication
mechanisms, maintenance and service, and
appropriate guidance in monitoring the study.
Phase two consisted of choosing clinical
collaborators and training them at a formal
workshop. The clinical centers we chose were
Rancho Los Amigos Rehabilitation Medical
Center, (Los Angeles, California), Shriners
Hospital for Crippled Children (Philadelphia,
Pennsylvania), University of Alberta (Edmonton,
Alberta, Canada), University of Toronto / Hugh
McMillan Rehabilitation Centre (Toronto, Ontario,
Canada). During phase three, the clinical centers
were instructed to recruit, select, and implement
systems with the SCI individuals. Once the
subjects were competent users of the hand
system, phase four would begin during which a
thorough set of functional evaluations would be
performed. We targeted a total of twelve users
that we knew we could sustain in the program. At
the conclusion of phase four, we would gather all
the clinical data and analyze the results, which
would complete the final phase of the study. We
are currently retrieving the functional evaluation
data on the 13 individuals who have been
implemented with the hand system. All
individuals were able to achieve a hand grasp
with the system and each of them, with the
exception of one person (out of protocol for our
selection criteria) has found the system to be a
useful, necessary device which facilitates tasks
that are important for them to perform.

During the course of our investigation, we have
had several inquiries into how to gain further
access to our FES hand systems. All the clinical
centers have made specific requests for additional
systems. All the clinical centers have indicated
that they would want to encourage their patients
to pursue a completely implantable system once
it became available. In addition, other programs
worldwide such as The Robert Jones & Agnes
Hunt Orthopaedic Hospital in Oswestry, England
and the Austin Hospital (Heidelberg Victoria,
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Australia) are now actively pursuing funding to
participate in a next stage technology transfer
program which will use implantable stimulation
technology and transition the existing system
from a clinical research device to a clinician
based unit (Smith, 1987).

Conclusion

In conclusion, we have not only witnessed
positive results at clinical centers similar to our
own in Cleveland, but have also been
encouraged by users and clinicians to actively
pursue the next stage of the hand system, which
incorporates surgical reconstruction of the hand
and permanent implantable radio frequency
controlled systems. Since results to date in
Cleveland are extremely encouraging with
people who have implantable FES systems, we
plan to build upon our first successful technology
transfer program (Keith, 1988). Our approach will
be to move our system towards being a final
product to be transferred to a manufacturer for
widespread distribution in our health care
delivery system - which is the ultimate goal of a
mature technology transfer project.
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2.6
ENHANCEMENT OF THE HEALING STRENGTH OF ELECTRICALLY

STIMULATED PRESSURE SORE WOUNDS

H.E. Kambic, T. Manning, E. Reyes, A. Hyodo & S.I. Reger
Departm ent  of  Biomedical Enginee rin g & Ap plied Therap eut ics

The Clevelan d Clinic  Fou ndat ion;  Cleveland, Ohio USA

In troduct ion

Natu ra lly  o ccu rr in g e lec tr ica l f ie ld s  in  t h e
bo dy  a re  imp or t an t fo r growth,  rem od elin g
an d  rep a ir . Elect r ica l s tim ula tio n app lied
in th e t rea tm en t of acu t e an d ch ron ic
ske le t a l inju r ie s  p rom o tes  wo u nd  h ea lin g.
To eva lu a t e th e effects of elect rical
st im u la t io n on th e mech anica l p ro p er t ie s
of  hea lin g s kin,  th is  s t u dy  us ed  t h e d ener-
vat ed limb trochan te ric pres s u re so re
mod el d eve lo ped in  pigs (1). Twen ty Han -
ford mini -pigs with trochan te ric pres s u re
u lce rs  were su b j ec t ed t o elect r ica l s t im u -
la tio n app lied to  t h e  p e r ip h ery  o f  wo u n d s
fo r two ho u rs  p er  d ay . Ex am in at io n of  t he
bio m echan ica l p ro p er t ie s  o f  t h e s kin , an d
ch an ges in  wo u n d  a re a  a n d  vo lu m e  we re
do ne on  p revio u sly  wou n d ed an d  h e a lin g
pigs kin su b jec t to AC or DC elect rical
st im ula t io n . Th e beh avior of no rm al
p igs kin  was co mp ared to: (a) den ervat ed
controls, (b) denervat ed AC st im ulat ed ,
an d (c) denerva ted DC st imu lat ed skin .
Each t rea tm en t grou p was analyzed
re lat ing th e  o r ien ta t ion  of  th e  h ealing skin
with regard to th e st imu la tio n electrode.
DC  and  AC s t imu la tio n  ap p ear  t o  en han ce
th e  hea lin g of  p res s u re  u lce rs b y  red uc in g
wo u n d  a rea  an d  in c reas in g t h e  vas cu la r it y
of healin g t is su e.

Material s  and Methods

A den ervat ed limb trochan te ric p res s u re
so re mod el d evelop ed in ho u s e  p erm it t ed
th e  u s e  o f  a  2 .5  cm  percu t an eo u s  can ce l -
lo u s  bo n e  s crew fo r  wo un d  form at ion  an d
a 3 cm diam ete r sp r in g com pres sion
in d e n te r  t o  m a in t a in  a  co n s t an t  p r es s u re
o f  80 0 m m Hg for 3 day s. Reproduc ible
an d unifo rm ly controlled Grad e 3 or
higher tis s u e ulcers were creat ed in th e
mono plegic hind limb s of 2 0 Hanford
mini -pigs weighing 10 -15 kg. Den ervation
was acco mp lish ed by right un ila te ra l
ex t rad u ra l rhizotom ies from L2 to S 1

nerve ro ots. Ha lf o f  t h e  p ress u re wo un d s
crea ted over the right troch an te r were
electrically stimulated; th e oth er
un s t imu la t ed  h a lf  o f  t h e  wo u n d  s e rved  as
the denerva ted control. Sp ecim en s from
the opposite limb were us ed as normal
controls.

Elect rodes (En core  Plus ) were placed 1 cm
dis t a l and  p ro x imal t o  t he  wo u n d  p e r ip h -
ery. DC am p l it u d e  wa s  le s s  t h an 1 mA;
max im u m cu rren t dens ity in th e wound
area between elect rodes was 30 -80
uA /cm2 . AC supp lied from a
pro gramm ab le cu rren t st im u la to r
(Fred erick Haer C o.) was applied as a form
of  ch a rge balanced tetaniz ing cu rren t (4
sec ON, 4 sec OFF) fo r  40 Hz repe tition
freq uency an d 300 ms ec  p ulse  wid th . Th e
meas ured cu rren t dens ity was 1189±219
uA /cm2 . Wo un ds were st im ulat ed 2
hours /day, five  d ay s  a  week fo r  30 d ay s .
After sacrifice  all lim bs were  kept frozen at
-20 °C.

Mechan ical Tes ting

A dum bbe ll sh aped template, us ed to
outline the tiss ue a rea of co n s tan t
dimens io ns was cent ered throu gh the
would an d su rro un d in g tis su e. After
markin g the template, th e ent ire skin
samp le was shaved, cu t an d stored in
saline. Sec tio ns were oriented both
parallel (through the hea ling area) an d
perpen dicular (adjacent to th e hea ling
area) to the cu rren t flow. Eva lu ation of
sp ecim en s  in c lu d ed q uan tit a tio n o f  t iss u e
th ickn es s at the var io us regions u s in g  a
Mitutoyo th ickn es s gau ge to within an
accuracy  o f 0 .01 m m.

Du m b be ll s h aped  sp ec imen s  were u n iax i-
ally  load ed in tension unt il failure a t  a n
extension ra te of 15 0 mm /min on a
Chatillon test sys tem. 10 m m wide
s p ec im en s  h ad  a  len gth to  wid th  rat io  o f

36 RESNA International '92 • June 6 -11, 1992



Mechan ical stren gth  of  h ealing woun ds

6:1. Mechanical properties were ca lcu-
lated from  lo ad d efo rm atio n curves . Th e
max im u m st iffn es s  was derived fro m  th e
linear  slop e  o f th e  curve be tween  20 -80%
of  t h e s tre ss  a t  fa ilu re . ANOVA was used
to analy ze t he d ata.

Area and  Volum e Time Cons tants

At weekly intervals, ch anges in wou nd
area an d volume were obtained from
pho tograp hs an d  d ire c t  m eas u rem en t s to
es t im a te  t h e  h ea lin g ra t e . Biop s ies were
obta ined from th e wou nd margin for
his tom o rph o m et r ic an aly s is  o f t h e vascu -
la rity  o f  t he  h ealin g t is su es . Th e  n u m b er
an d size o f  t h e blood vess els were mea-
su red an d stat ist ica lly eva lu at ed us in g
ANOVA.

Res u lts

Tables  I  and  I I sh ow the  m echanica l prop -
erty d a t a for all tested s kin specimens
sub ject to  elec tr ica l stimu lat io n. With t he
except ion  of  s tra in  values  o bta ined for DC
st imu la ted  an d  d en erva ted  co n tro ls,  t he re
were no signif icant differences in th e
mechanical p ro perties  o f s am ples  or ient ed
perpend icular to th e cu rren t flow. Th e
applied cu rren t cau sed no ch an ge or
red uc tion in st rength o f  t h e skin tiss ue
perpend icular to th e cu rren t flow. In
Table II, th e stiffness va lues for healing

wo u n d  an d  skin  sam p les  o r ien t ed p a ralle l
to  the  current  f low were  redu ced  by  n ear ly
half th e va lues obta ined for no rm al
controls. Fu r th e rm o re,  wh ile t he  s trength
of  th e  hea lin g t iss u e  was  le ss  t han  t h a t o f
normal skin, t h e applied cu rre n t  d id  n o t
red uce th e st rength of hea ling wo u n d s
be lo w th e un st im ulat ed  values. Sta tist ical
differences (p <0.05) were fou n d only for
st re ss , Yo un g mo du lu s  and  s tiffness  when
comp ared to no rm al skin . Sam p les ori-
en t ed  in  t h e  pe rp en d icu la r  direc t ion  were
comparable to  normal skin (p =NS).

Th e ch ange in wo un d area an d wou nd
volume was observed to follow an expo-
nent ial fun ction. Th e ar ea an d volume
time co n st ant s were ca lcu la ted  b y  fit tin g
th e  m eas u red  wo u n d  a rea  an d  vo lu m e  to
an equ ation of exp onential form. Both AC
an d DC stimu la tion sho rt en ed th e area
tim e co nst an t,  bu t th ey had lit tle effec t on
the volume time co n st ant . (Table III).
His to m orp ho m et r ic  an a ly s is  revea led  th a t
AC an d DC st im ulat io n inc reased the
n u m b er  o f  ves s e ls in th e hea ling tis su e.
DC  s t im u la tio n  a ls o  in c reas ed  th e  vas cu -
la r area .

T A B LE  I

ME C H A N IC A L P R O P E R T IE S  O F  P IG S K IN  O R IE N T E D  P E RP E N D IC U LA R
T O  T H E  C U R R E N T  F LO W

St r es s S t ra in Modulus St if fn es s
(MPa) ( %) (MPa) (N  / mm )

AC (N =16) 10.69± 2.96 60.15± 31.02 21.77± 11.03 24.5 ±11.9
DC (N =9) 13.06±3.77 76.44± 18.49* 17.63±4.90 22.5 ±7.7
DEN CONTROL (N =13) 10.66 ±3.60 54.03± 15.30* 22.05± 11.08 25.0± 10.9
NORMAL (N =45) 12.25± 4.95 73.43 ±32.72 20.06± 10.22 20.8 ±8.1

* p <.05 versus control
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TABLE II

MECHANICAL PROPERTIES OF PIGSKIN ORIENTED PARALLEL
TO THE CURRENT FLOW

Stres s Strain Modulus Sti ffnes s
(MPa) ( %) (MPa) (N /mm)

AC (N =18) 6.67 ±3.92* 55.07 ±28.57 12.88 ±7.63* 17.1 ±11.0*
DC (N =12) 4.73 ±2.60* 61.92 ±30.58 7.58 ±3.28* 14.6 ±8.4*
DEN CONTROL (N =15) 4.90 ±2.42* 45.65 ±26.57 11.27 ±8.36* 15.2 ±8.1 *
NORMAL (N =43) 10.87 ±3.90* 58.17 ±20.91 20.45 ±8.67* 27.7 ±11.0*

* p <.05 versus control

TABLE III

VASCULARITY, WOUND AREA AND WOUND VOLUME TIME CONSTANTS

Denervated
Blood Ves s el AC DC Control
Num ber  ( /mm 2) 21.6 ±8.0* 19.2 ±8.2* 9.4 ±3.1
Area (x10 -3 m m 2/ m m 2) 31.6 ±13.4 52.8 ±17,2* 31.6 ±13.9

Tim e Cons tant AC
Area (days) 9.4 ±2.5
Volume (days) 4.0± 0.6

* p <.05 versus control

Conclus ion

Th e mech anica l prop ert ies of hea ling
pigskin a re modified an d sh ow a direc-
tional va riat io n wh en electrically st im u -
lat ed. Bo th AC an d DC st im u la ted
wo u n d s sh owed : (1) a red uced hea ling
time wh en co mp ared to con tro ls an d (2)
en h an ce  t h e h ea lin g of  p res s u re u lce rs  b y
red u c in g wo u n d ar ea  an d in creasing th e
vascular it y within hea ling tis su e.
Elect rical st imu la tio n may st im ula t e
wo un d healin g by orient ing collagen
format ion in a  p a t t e rn simila r to no rm al
s kin even in the ab s en ce of neu ra l
inf luences.

Denervated
DC Control

9.7 ±3.1 13.5 ±7.5
5.3 ±2.5 5.1± 2.3
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I M P R O V E D  G A I T  A N D  M O T O R  C O N T R O L
PO S T  H E A D  I N J U R Y

FO L L O W I N G  F N S  E X E R C I S E  A N D  G A I T  T R A I N I N G

J a n i s  J a c o b s ,  K a t h e r i n e  B a r n i c l e ,  E . B .  M a r s o l a i s
Mo t i o n  S t u d i es  L a b o r a t o r y

V . A .  M e d i c a l  C e n t e r ,  C l e v e l a n d ,  O h i o

AB S T R A C T

Co n v e n ti o n a l n e u r o r e h a b i l i t a t i o n
te ch ni qu e s ar e of t en  n ot  a d eq ua te  t o
r e s t o r e  w a l k i n g a n d  m o t o r c o n t r o l
fo ll o wi n g tr a um a ti c h ea d  i nj u ry . I n
t h i s c a s e st u d y , t h e s u b j e c t w a s
t r e a t e d u s i n g an FN S s y s t e m w i t h
in t r a m us c u l a r el e c t r o d e s a n d a
multi - channel stimulator. T r e a t m e n t
in cl ud ed  2  1 /2  y ea rs  o f FN S - dr iv en
g a i t tr a i n i n g a n d ex e r ci s e . T h e
s u b j e c t im p r ov e d f r o m c h a i r
d e p e n d e n t  t o  w a l k i n g  5 0 f e e t  w i t h
on e  ca n e . Mu s c l e  f u n c t i o n  i m p r o v e d
s e v e r a l m u s c l e t e s t gr a de s . T h e
d e g r e e a n d  t i m i n g of i m p r o v e m e n t s
a r e  b e y o n d  c l i n i c a l  e x p e c t a t i o n  o f
s p o n t a n e o u s re c o v e r y . R e s u l t s
in d i c a t e  t h e i m p o r t a n c e  o f  a  f u t u r e
co n t r ol l e d  st u d y .

IN T R O D U C T I O N

F o l l o w i n g tr a u m a t i c h e a d in ju ry ,
co n v e n ti o n a l ne u r o r e h a b i l i t a t i o n
t e c h n i q u e s  a r e  o f t e n  i n a d e q u a t e  t o
r e s t o r e  w a l k i n g  a n d  m o t o r  c o n t r o l .
T h i s c a s e st u d y in v e s t i g a t e d t h e
r e s u l t s o f  u s i n g  a n in t r a m u s c u l a r
el ec tr od e FN S sy st e m to  i mp ro ve  g ai t

an d  m o to r  c o nt r o l .

METHODS / MATERIALS

S U B J E C T

T h e  s u b j e c t  w a s  a  2 3  y e a r  o l d  m a l e
w i t h  a  t r a u m a t i c  h e a d in j ur y . A
b u l l e t  w a s  e x c i s e d  f r o m  h i s  m o t o r
c o r t e x a l o n g w i t h s u r r o u n d i n g
d a m a g e d  t i s s u e . H e  w a s  i n  a  c o m a
f o r 2 1 da ys , af t e r w h i c h h e w a s
tr i p l eg i c . H e p a r t i c i p a t e d in

in p a ti e n t r e h a b i l i t a t i o n f o r 6
mo nt hs ; a t th e ti m e of  d is c ha rg e,  h e
wa s  p a r e t i c  i n  b o th  l o w e r  l i m b s  a n d
h a d  a  m i l d  c o o r d i n a t i o n  d e f i c t  i n
th e  r i g ht  u p p e r l i m b .

H e  e n t e r e d  t h e  r e s e a r c h  p r o g r a m  6
m o n t h s p o s t in ju ry . H e w a s
co m p l e t e l y  u n a b l e  t o  m o v e  t h e  r i g h t
le g  f or  s w in g  i ni t i a ti o n . H e  m o v e d
t h e le f t le g i n  a f l e x i o n  r e f l e x
p a t t e r n  o n l y . H e  w a s  a b l e  t o  b e a r

2.7

w e i g h t o n b o t h li m b s a s l o n g a s
e x t e n s o r  s p a s t i c i t y  w a s  o p e r a t i v e .
Bi l a t e r a l vo l u n t a r y q u a d r i c e p s
st r e n g t h  a n d  c o n t r o l  w a s  p o o r .

T R E A T M E N T  M E T H O D S

S u b j e c t S X  p e r f o r m e d F N S e x e r c i s e
an d ga it  t ra in in g t hr ee  t im es  w ee kl y
ov e r a p e r i o d of 2 1/ 2 ye a r s
(e x c l u d i n g 2 m o n t h s p e r y e a r f o r
va c a t io n ) . T h e  e x e r c i s e  a n d  g a i t
tr a i n i n g w a s p r o v i d e d u s i n g
i n t r a m u s c u l a r  e l e c t r o d e s  a n d  l e a d s
ex i t i n g  t h r o u g h  t h e  s k i n  t o  c o n n e c t
to  a  p o r t a b l e s t i m u l a t o r .

F i g u r e 1 il l u s t r a t e s t h e t w o FN S
tr e a t m e n t  p h as e s  A  a n d  B . I n  P h a s e
A, FNS - driven g a i t p r a c t i c e w a s
pr ov i de d  f o r 1 0 m on t hs . In ph as e B,
th re e  i nt e rv en t io n s we r e ad d ed : FN S
walking speed control; FNS - driven or
as si st ed  e xe rc is e f or  i so la te d jo in t
m o v e m e n t c o n t r o l ; s t a n d i n g
alignmen t/ bala nce cont rol exe rcise .

M u s c l e  I m p l a n t a t i o n  P r o c e d u r e s  A n d
Eq u i pm e n t

Mu sc le  t es ti ng , vi de o do cu me nt at io n,
a n d  v i s u a l  m o v e m e n t a n a l y s i s  w e r e
p e r f o r m e d  t o  d e t e c t  m o t o r c o n t r o l
dysf unc tio n.' E l e c t r o d e s w e r e
im p l an t e d in t h o s e m u s c l e s
e x h i b i t i n g  d y s f u n c t i o n  i n  i s o l a t e d
mo v e m e n t c o n t r o l and /or in ga i t
p a t t e r n mo v e m e n t . M u s c l e s
im p la n te d we re : le ft g l u t e u s
m a x i m u s , q u a d r i c e p s f e m o r i s ,
p o s t e r i o r t i b i a l i s , a n t e r i o r

PHASE A j PHASE B

i

I
I

STA NDING BA LANCE EXERCISE

I
I FNS A SSISTED I DRIVEN EXERCISE
FOR ISOLA TED JOINT MOV EMENT

i

I

FNS GA IT
SPEED
CONTROL

FNS-DRIV EN GAIT I

0 2 6 6 B 10 12 Id 16 IS 20 22 2 1 26 20

MONTHS

FIGURE f . TREA :::ENT PHA SES
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tibialis, gastrocnemius /soleus,
peroneus longus /brevis; right
sartorius, gracilis, gluteus
maximus, gluteus medius, posterior
adductor, biceps femoris short head,
quadriceps femoris, tensor fasciae
latae, peroneus longus / brevis,
anterior tibialis.

Electrode implantation was performed
using a local anaesthetic. The
electrode was made from fine 10-
strand stainless steel Teflon- coated
wire, with polypropylene core for
durability and a double helical
configuration for flexibility

Control of Stimulation

A specialized computer program,
Vortex3 was developed to be used on
a Digital Equipment corporation
MicroVAX II to create FNS patterns.
This program provided capability to
devise a stimulation pattern using
all the implanted muscles in
multiple combinations and timing
variations. The portable stimulator
was based on a V40 (NEC)
microprocessor. Preprogrammed
patterns were used in daily sessions
for exercise, gait training, walking
endurance, stair - climbing, side and
backstepping.

Data Collection

Video documentation of functional
capability was made using a
Panasonic Industrial Camera and a
SONY U -Matic Cassette Recorder (VO-
5600). Muscle function was tested
using standard manual muscle test
positioning, along with goniometric
measurement of active movement.

RESULTS

WALKING CAPABILITY

Overall, Subject SX improved from
chair dependency to walking 50 feet
repeatedly with 1 cane (Figure 2).

Fatigue and ankle instability
prevented him from ambulating longer
distances without the FNS. With
FNS, he was able to walk one mile.

VOLUNTARY JOINT MOVEMENT IN THE
RIGHT LOWER EXTREMITY

Muscle Test Results. Figure 3 shows
change in muscle function of
selected right lower extremity major
muscle groups over a 28 month
period. Conventional muscle testing
procedures were used (except in the
case of the right knee extensors
which lacked 5 degrees of extension
during sitting, but could hold
against maximum resistance). Hip
and knee flexors and extensors
showed improvement beginning at
month 6, with greatest additional
improvement between month 22 and 28.

DISCUSSION

Correlation of Treatment With
Improvements. The first dramatic
improvement occurred during Phase A
in which FNS - driven gait was
provided. Phase B was initiated
(FNS- driven exercise for isolated
joint movement control) at month 10
because very little change in muscle
function (Fig. 3) was observed
between month 6 and 10. Three
months after initiation of Phase B,
improvements were documented in hip
and knee flexors (Fig 3).

By month 18 in the study, Subject SX
was 2 years post injury. From a
clinical perspective, at two years
post injury , one would expect that
most spontaneous recovery would have
already occurred. However, from
month 22 to 30 in the study, the
muscles demonstrated additional
recovery. Improved muscle function
is reflected in the improved ability
to walk, using canes at month 26.

Sianificance of the Studv. There was
no control for spontaneous recovery
in this case study. However, in

Spontaneous recovery from head
injury, one would not expect the
degree nor the timing of the
recovery documented in this case.
These results indicate that a
controlled study may be of value to
determine the effects of using IM
electrode FNS driven exercise and
gait, designed to improve voluntary
motor control post head injury.
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Figure 3. CHANGE IN MUSCLE FUNCTION OVER 28 MONTHS
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3 . 1

SELECTING TEXT FOR MANIPULATION IN A GUI THROUGH SCANNING

F. Shein, M.Eng., P.Eng.,
The Hugh MacMillan Rehabilitation Centre, and

Department of Industrial Engineering, University of Toronto,Toronto, ONT

ABSTRACT

This paper further elucidates some of the concerns of access to a
graphical user interface (GUI) through scanning presented earlier
by the author and describes an ongoing investigation. Derails are
provided that illustrate the specific problems that arise when
providing equivalent functions to the mouse to select text for
manipulation using various scanning solutions. These solutions are
implemented using the most recent version of WiViK®, a visual
keyboard for Windows 3.010and OS/2 2.010. Five different strate-
gies are compared.

BACKGROUND

Earlier papers by the author and his research team have pointed out
the significance and problems associated with direct manipulation
in a graphical user interface (GUI) [l, 21. Solutions have been
proposed and studied relating to pointing devices and in the use of
visual keyboards displayed on a computer screen [5]. A software
product, WiViK, a visual keyboard for Windows 3.0 has been
developed that resolves most concerns associated with on- screen
keyboards used with pointing devices [4]. However, issues related
to scanning are still unresolved and are under current investigation.

Selection of chunks of text for editing is a task in which a pointing
device excels, while posing a daunting problem for the scanning
user. Here, the user must position the pointer to indicate insertion
points and to mark blocks of text for editing (e.g., cutting, copying,
pasting, and formatting). In addition to incorporating cursor
movements as selection set items within the visual keyboard, a
typical solution is to include block actions (e.g., selecting the next
or previous character, word, sentence, or paragraph).

Informal observations of this approach suggest that it is not ideal
because it requires the user to make repetitive selections of cursor
movement keys while shifting attention between the text and the
visual keyboard. Between selections, the user must decide what
command to choose next. The result is slow, awkward interaction
prone to errors in proportion to the many selections made.

A new alternate access system for the Macintosh, Ke:Nx, l
provides the user with a roving pointer cursor that moves (scams) in
the direction selected by the user. By directing the pointer cursor,
the user has fall access to manipulating text/data and all GUI
gadgets. Normal scanning within a visual keyboard is also
provided for text entry, thus the user can emulate both the key-
board and pointing device with scanning. This appears to be a good
solution, but is the user really achieving direct manipulation?
Repetitive movement and attention switching between the roving
pointer cursor and items in a visual keyboard can be a frustrating
experience. Stopping the cursor at a precise location, e.g., between
two characters, requires very good physical control. 'Bumping' the
cursor one or a few pixels is possible, but time consuming.

Clearly, more research is required to develop solutions that are
functional and benefit the user. Some preliminary work had been
undertaken into the manipulation of text through scanning blocks
of text in succession from paragraphs, through sentences, words
and characters [3]. A more stringent examination and analysis of
the issues related to selecting text through scanning is still required
so that we can design more effective solutions, not just novel
solutions.

GOAL

The goal of the current investigation is to compare the effective-
ness and relative merits of several cursor movement scanning
strategies for selecting chunks of text for manipulation and to
suggest reasons for selecting a particular strategy. Four different
strategies for moving the insertion point cursor within a text editor
by selecting movement commands within a visual keyboard are
being studied. A fifth strategy involving a roving screen pointer
cursor is also being examined.

These strategies are applied to a common visual keyboard layout
with a single scanning technique. Examples presented here assume
that the user is employing row - column scanning using two
switches; one switch to make selections, the second switch to
escape out of an undesired scanning sequence. The issue under
consideration is not how to effectively scan and use switches, but
how to effectively employ strategies to get the most out of the
scanning,

It is recognized that individual motor, cognitive, and visual-
perceptual abilities and their limitations due to disability, may in
the end dictate the effectiveness of a strategy independent of its
merits or disadvantages. Therefore, a sub - objective is to gain an
understanding of the mechanisms by which users react, adapt, and
strategically employ each of the strategies.

Testing of the strategies with users is underway and final data is
not yet available. Therefore, this paper is limited to identification
of the user demands and a discussion of the advantages/disadvan-
tages of each strategy based upon preliminary observations.

STRATEGY DESCRIPTIONS

1. Standard cursor movement
The standard method is to repeatedly select movement keys from
within the visual keyboard to move the insertion cursor over the
text one step at a time. Visual keyboard keys may be defined to
move the cursor in blocks (word, paragraph, home, end, page up
and page down) if the text editor supports such functionality.
Fortunately, most applications today, such as those within Win-
dows 3.0 provide these capabilities in a generally consistent
fashion across applications. Keys may also be designed to send a
macro set or series of keys.

2. Repeating keystrokes
An enhancement to the standard method is to allow selected keys
within the visual keyboard to repeat continuously until stopped by
the user. For example, activating a switch to select a key may
initiate repeating; activating the switch again may then stop the
action and allow scanning of the visual keyboard. This is analo-
gous to holding down a key on the keyboard to repeat it

J. Imbedded multiple repeating keystrokes
A further enhancement is to imbed multiple repeating keystmke
actions within a single visual keyboard macro key. One key may
be defined to move the cursor first by paragraphs, then by lines,
words, and characters. Another key may be defined to move first
by lines, then by words, and characters; and another by words
followed by characters. Repeating single character movement keys
would remain. Each repeating action would be stopped and the
next one initiated by a switch activation. With this strategy, it is
necessary provide a second switch as an 'escape' so that the user
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can exit from the sequence of repeating levels at any time to
prevent overshooting the target.

4. Emulating the visual keyboardscanning method with the text
By using the strategy of imbedding multiple repeating keystrokes,
it is possible to emulate the same visual keyboard scanning
technique to select text. Rather than moving the insertion point
cursor within the text area, blocks of text are highlighted in
succession. The user focuses on the target and waits until it is
highlighted by a block. When highlighted, the user activates their
switch and waits again until it is highlighted by the next smaller
size block. This is repeated until the desired location is reached.

With row - column scanning, the lines of text could be viewed as
rows; words as columns of smaller rows; and characters as
columns within a word. in comparison to the previous strategy, the
starting point for the scanning would be consistent, e.g., from the
left -most word of a line, and the left -most character of a word.

5. Roving cursor
An entirely different approach is to apply the scanning technique to
the pointer cursor (i.e., the cursor that typically moves with the
mouse) as with the Ke:Nx. Hence, the heading (or direction of
movement) of the cursor can rotate continuously or in fixed steps
at some scan interval to set a heading to move, and it can move
along that heading in a similar scanning fashion. The intent is to
emulate the actions of the mouse. Both heading rotation and
distance movement keys must be included within the visual
keyboard. With this strategy the pointer cursor is 'blind' to the text
beneath it, while the insertion cursor movement techniques allow
movement relative to the units of text. The roving cursor strategy
has the power, however, of being able to move anywhere within
the GUI, A technique of displaying the heading through a line from
the tip of the cursor is introduced here as a way of improving
feedback to the user.

USER ACTIONS

The actions that the user must follow for each strategy are now
described for moving the insertion point to a target location.
Selecting a block of text then requires selecting an extend function
followed by a repetition of the actions to select the end point of the
text block. Each of the first four strategies can be applied using a
similar looking visual keyboard as shown in the figure below; the
look is the same in all cases, but the actions vary:

Figure I: Possible visual keyboard display of cursor movement
keys for the first 4 strategies.

The rust four strategies share the initial steps described below:

• locate target
• locate insertion cursor
• compare target location with insertion cursor and decide upon

the largest cursor movement key (block unit) that will bring the
insertion point closest to the target

• select the appropriate cursor movement key

The remaining steps are described below;

1. Standard cursor movements
• repeat the basic steps listed above until the target is reached

2. Repeating keystrokes
• continuously observe the insertion cursor move and compare its

position with the target to ensure that it does not overshoot the
target

• stop the repeating cursor movement action at the point where
the next movement would overshoot the target

• repeat prior steps with smaller units of cursor movements until
the target is reached

3. Imbedded multiple repeating keystrokes
• continuously observe the insertion point move and compare its

position with the target
• stop the repeating cursor movement action at the point where

the next movement would overshoot the target or escape out of
the sequence of repeating cursor movement levels if the next
movement level would overshoot the target (if escaping, it is
necessary to repeat the steps from the beginning until the target
is reached)

• repeat the previous two steps with the successive movement
levels defined for the selected key until the target is reached

4. Emulating the visual keyboard scanning method with the text
• continuously observe the blocks of text being highlighted
• stop the repeating highlighting action at the point when the

target is contained within the highlighted block or escape out of
the repeating sequence to select the highlighted block

• repeat the previous two steps with the successive block move-
ments levels defined for the selected key until the target is
reached

5. Rovin g cursor
• locate target
• locate pointer cursor
• identify cursor heading by selecting a visual keyboard key to

display the heading (optional)
• compare cursor heading with heading towards the target and

decide upon the hugest available rotation that will bring the
pointer heading in -line with the target

• select the appropriate heading rotation key within the visual
keyboard

• continuously observe the heading line rotate and compare with
the target to ensure that it does not rotate past the target

• stop the repeating rotation action at the point where the next
rotation would overshoot the target or escape out of the
sequence of repeating rotational levels if the next rotational
level would overshoot the target (if escaping, it is necessary to
repeat the steps from the beginning until the heading intersects
the target)

• repeat the previous two steps with the successive rotational
levels (smaller angle) defined for the selected key until the
target is intersected

• compare target location with pointer cursor and decide upon the
largest available cursor movement (distance unit) key that will
bring the pointer cursor closest to the target

• repeat the above steps using the cursor movement keys as in the
previous strategy until the target is reached

DISCUSSION

1. Standard cursor movements
This strategy is the most obvious implementation and can be
readily implemented with any visual keyboard. The drawback is
that it is very slow and demanding. To speed up cursor movement
and reduce selections within the visual keyboard the user must
carefully choose efficient block cursor moves. Each single cursor
movement demands a selection from within the visual keyboard
and requires the user to constantly alternate attention between the
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keyboard and the text. With every shift in attention the user must
re-orient themselves with respect to the focus of activity. There is a
constant potential of losing sight of the target and the insertion
point, thus increasing search time. The number of switch activa-
tions (and possibility of error) associated with scanning (at least 2
activations per selection) rises directly in proportion to the number
of steps that the user must make.

2. Repeating keystrokes
Immediate performance improvements can be expected with this
strategy because it eliminates the need to select a key more than
once if it is to be repeated. Thus one key may be repeated n times
with only 2 switch activations within the visual keyboard and 1
activation to stop the repeating, that otherwise would require 2* n
activations. The number of attention shifts between the keyboard
and the text would also be reduced to once per selection. While the
cursor is stepping through the text, all attention is placed on the
text. However, the user must still be vigilant in comparing the
location of the insertion cursor and the target with every step the
insertion cursor makes. Since it is `easy' for the stepping insertion
cursor to do most of the work, efficient jumps to the target may be
ignored, such as with the home, end, page up, and page down keys,

3. Imbedded multiple repeating keystrokes
This strategy further eliminates the need to shift attention between
the visual keyboard and the text. Any target position within a body
of text might then be coached through the selection of a single key,
provided the user makes no errors. The total number of switch
activations levels off at a maximum of 2 activations within the
visual keyboard plus up to 4 activations while stepping through the
text. Thus, this strategy is somewhat independent of the distance
travelled. The advantages of this strategy are diminished by the
demands associated with the vigilance required in comparing the
insertion cursor and target location and in deciding when to
activate the switch to move to the next repeating movement action
to ensure that the cursor does not overshoot the target. Also, the
use of a second switch as an escape mechanism becomes essential
so that the user can exit at any level of block movement. However,
even if overshooting occurs, error correction can be achieved
rapidly byrepeating the process although at a cost of further
similar switch activations.

4. Emulating the visual keyboard scanning method with the text
The number of required switch activations with this strategy is the
same as the previous one but there are two subtle differences. The
fast relates to the feedback associated with the highlighting block
versus the moving cursor. Waiting until the target is contained
within a highlighted block facilitates the decision as to when to
make switch activations. The second difference is that movement
always starts from the top or left -most position of the previous
block because there is no insertion point for relative movement as
with the previous strategies. Thus, the number of movement steps
may be greater.

S. R oving Cursor
This strategy is similar to the imbedded repeating scan strategy
except that it may require twice as many switch activations —a
minimum of two selections (rotation and distance) or a base of 4
activations plus up to 2 *4 activations (if 4 rotation/movement
levels are defined) to rotate and move the cursor. Linking move-
ments directly following rotations is possible but not feasible since
particular distance movements do not logically follow the setting
of a heading. Hence, it would be necessary to have a variety of
starting distances associated with each starting rotation.

For users familiar with a mouse, this approach may seem intui-
tive— simply point to where you want the cursor to move and then
step towards it along a straight line. Generally, a user may go from
one point to any other point on the screen with one heading setting.
However, accuracy of the pointing decreases with distance from

the starting point of the cursor since the arctangent of the angle
swept by the rotation increases with distance.

Movement across a window may be enhanced by examining the
window and determining its dimensions and moving relative to it.
(This is feasible due to the technical design of GUIs.) For example,
distance movements may be in relative amounts of the window
such as quarters, and quarters of quarters and so on. This strategy
may also be enhanced by sweeping out a pie segment in front of
the heading, analogous to highlighting a row of text. In a manner
similar to the fourth strategy above, the user would activate a
switch to stop scanning when the target is included within the
highlighted area.
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Full Visual Annotation of Auditorially Presented
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Abstract
Speech and sound are being used more and more in
computer and information systems which had previ-
ously been strictly visual. As the use of sound is incor-
porated more and more into these systems, individuals
who are deaf are going to face increasing difficulties in
accessing and using these systems. Since these will ap-
pear in education and employment as well as daily liv-
ing, access to these systems is essential.

A standard cross- platform strategy for providing access
to the sounds is proposed, in the form of a ShowSounds
"switch" which could be built into the systems. Flipping
this (software) switch would cause the information
being presented auditorially to also be presented
visually. This would apply both to information
presented by the operating system and to individual ap-
plication programs that supported this capability. This
visual annotation would go beyond just captioning, and
would include other visual display as necessary to con-
vey any important information presented auditorially.

Background
Currently, people with hearing impairments have little
or no difficulty in using computers. The use of sound as
a standard feature has been minimal, usually no more
than a "beep." Often, the beep is accompanied by some
other indication of the error, so that missing the beep is
not critical to operation.

However, the increasing sophistication and quality of
synthetic and digital speech technology has made it
easier and more desirable for computer companies and
applications software companies to consider incorpo-
rating more extensive use of sound into their products,
including voice output. Where this sound and music is
merely decoration, and is not necessary for the opera-
tion of the computer or program, no serious access
problem is posed. Where important information con-
tent is contained in the audio portion of the software,
the access issue becomes pressing for people who are
deaf or who have severe herring impairments. As com-
puters and consumer products are slowly merging with
each other, and with emergency of multi -media educa-
tion, game and information systems, the use of sound
and speech is going to escalate. The result is likely to
be an ever - growing body of material and products which
will be partially or substantially inaccessible to persons
who are deaf or who have severe hearing impairments.

Proposed Solution Strategy
To address this problem, it is proposed that a
"ShowSounds" capability be introduced within multi-
media, computing, and information technologies. This
ShowSounds capability would in some ways resemble
closed captioning of television programs, but would also
support more extensive sound annotation capabilities.

3.2

Like closed captioning, the ShowSounds capability
would allow users to indicate whether they wanted to
have sound annotation visible. For individuals who
could hear, the ShowSounds feature would be entirely
invisible. However, if an individual had a severe hear-
ing impairment, or was in an environment where noise
interfered with hearing, they could turn on the Show -
Sounds "switch" or setting. Once the ShowSounds was
turned on, the audiovisual material would automatically
provide visual annotation for all important auditory
information.

More Diverse Visual Annotation
Since the computer -based information and multi -media
systems have considerably more intelligence and
graphic capabilities than television, the types of anno-
tation that could be provided could also be more di-
verse. For example, with ShowSounds turned on, a
program presenting information via speech would au-
tomatically begin showing captions as well. Another
program which used a rising and falling tone to indicate
information would simultaneously display a small scale
with a rising and failing pointer to correspond to the
tones. Beeps or other tones meant to draw one's atten-
tion back to the screen would be accompanied by a
screen flash or other visual event substantial enough to
catch one's attention if one were looking at the key-
board or elsewhere. In this fashion, video annotations
could be tailored to best present the auditory informa-
tion in a visual format.

System Support for ShowSounds Visual Annotation
In order to facilitate the implementation of visual an-
notation and to encourage the use of standard ap-
proaches, tools or utilities can be built directly into the
operating systems of computers or information appli-
ances. All of the modern operating systems have exten-
sive toolboxes which application programs use for cre-
ating windows, dialog boxes, menus, etc. These
toolboxes could be extended to also include tools for
captioning, flashing sections of the screen, or other vi-
sual annotation techniques. Developers of applica-
tions /products which incorporate voice or information -
carrying sounds could then easily add the visual anno-
tation capabilities to their applications/products by
making use of these built -in tools.

The basic system would also have to support some user -
accessible ShowSounds "switch." In computers, this
would typically show up in the control panel for the op-
erating system, the same place where one adjusts the
volume of the computer, the sensitivity of the mouse,
the keyboard repeat, etc. By having this ShowSounds
switch located at the operating system level, an individ-
ual would be able to turn the switch on once when they
sat down at the computer, and all programs, applica-
tions, and system functions using sounds would check
the switch and present visual annotation of sound
events.
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As computers incorporate text -to- speech capabilities di-
rectly into their operating systems, an auto - captioning
capability could be included. In this fashion, text sent to
the computer's operating system to be spoken could be
automatically displayed as a caption as well. This would
relieve the application software of this task, and make
the captioning feature work even with non -Show-
Sounds -aware programs. This auto - captioning feature
should have a software over -ride that would allow the
application software to prevent an item from being
captioned. This would be useful in a number of in-
stances: spelling tests (where children who can hear
might turn it on, so that they could see how to spell the
words being presented); situations where the text being
read aloud is already present on the screen; and situa-
tions where the application program would like to pro-
vide shorter or differently worded captions. The
application program would also be able to specify
where on the screen the caption would appear, so that
the caption could be positioned so as not to obscure im-
portant information on the screen.

As companies such as Apple, IBM and Microsoft begin
developing multi -media control utilities, it will be
important to build in the necessary tools to facilitate
access by individuals who have hearing and other
impairments.

Plan for Implementation
Implementation of this recommendation could be car-
ried out in stages. In fact, it would need to be, since the
later stages require built -in text -to- speech capabilities
which are not a standard part of computer operating
systems today.

The stages for implementation by operating system and
base platform manufacturers would be:

Stage E Implementation ofShowSoundsSwitch by
Operating Sya4em M- Wacturers

1) Inclusion of a ShowSounds switch in the control
settings for the operating system by operating
system manufacturers;

2) Implementation of visual events to correspond
to any sounds created by the operating system;

Stage II: Support for ShowSoundsby Applications
Programs

3) Provision of visual indication of any important
sound events created by application program if
ShowSounds is switched on;

Stage III: Provision of Sound Annotation Tools in
Operating System

4) Provision of ShowSounds closed - captioning
tools for use by third -party developers; and

5) Provision of auto- captioning capabilities in
connection with any system -based voice utili-
ties.

Application programs could begin to check for the
ShowSounds switch and provide visual cues for any
auditory events as soon as Stage I is completed.

Application programs most likely to first make use of
such a switch would be programs designed for education
or designed specifically for the disability field.
However, government legislation regarding computer
access may encourage the use of the ShowSounds
switch by business software vendors as they incorporate
sounds into products which they would like to sell to the
federal government.

Progress to Date
Some progress has already been made toward the goal
of producing support for the ShowSounds capability
across company and product lines.

Discussions are underway with Apple Com-
puter Corporation regarding the inclusion of a
ShowSounds switch as a part of their standard
control panel for sounds in future versions of
their operating system.

A ShowSounds feature has been incorporated
into the AccessDOS software package, which is
distributed IBM as a complement to its DOS
operating system. AccessDOS provides several
important disability access features for IBM PC
and PS/2 computers running DOS. (In Access -
DOS, the ShowSounds switch is currently tied
to a feature which causes either a small note in
the upper left -hand corner of the screen or full -
screen flash whenever a sound of significant
length is initiated by the computer.)

The ShowSounds feature with accompanying
screen flash is also included in the next release
of Access Utility to be distributed by Microsoft
for Windows —.

• The ShowSounds concept is included in the
White Paper prepared by the Trace Center and
the Information Technology Foundation 077)
(formerly the ADAPSO Foundation). The
White Paper is the first step toward the de-
velopment of a set of design guidelines for the
application software industry. ITF is a non-
profit foundation of the Information Tech-
nology Association of America, the trade asso-
ciation for most of the major application
software companies in America. The guidelines
are being developed in response to a request by
industry for direct industry- usable information
as to how software products can be designed to
be more accessible to people with disabilities.

These efforts to develop the ShowSounds concept are
also being coordinated with the Caption Center, a
service of the WGBH Education Foundation. The
Caption Center, through its Media Access Research
and Development Office, is leading a multi - faceted
effort to provide access to all types of media — television,
radio, print, live performance, theatrical, film, and
other.

Conclusion
Initial efforts have begun toward the implementation
and support for such a ShowSounds feature on a num-
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ber of computer platforms. Much work is needed, how-
ever, to make both computer and information system
vendors aware of the need for such a capability, and to
build it into their next generation systems.
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ABSTRACT

The DATAHANDTm key entry device takes a
fundamentally different approach to user
wrist and hand position, and finger
function, for data entry to the computer.
This new product is configured to allow
the operator comfortable hand and finger
motion with individual adjustment inherent
when in use. Positive responses to comfort
and function by users in empirical
evaluations suggest this key entry design
may have unique and positive benefits for
users with hand pathology.

This paper presents the rationale and
proposed method for the evaluation of the
health benefits associated with this new
concept.

INTRODUCTION

Various new key entry products are in the
development stage, or will shortly be
marketed. In general, these designs offer
better function and health for the user.
However, none of these designs reflect the
degree of change incorporated in the
DATAHAND concept; Figures 1 and 2. The
keyboard is replaced by two hand units
which support the hands and allow for
individual positioning of hands in the x
position with respect to the users
shoulder width. With DATAHAND the operator
can rest their forearms on the chair
armrest, with hands supported by each palm
unit. This design also allows individual
positioning in the y position of the
operators hands during use. A new five -way
keying switch module makes all keys "home
keys," and places the fingers several
millimeters from each key cap. This
reduces strike force and provides
differential feedback to the operator.
Thumb keys control function modes and
commands to the computer. In sum, this
concept (a) supports the hands (b) keeps
the wrist joint straight and (c) reduces
finger force to actuate keys.

This configuration removes the load from
the arms and hands required with the
standard keyboard now in use. It is
expected that this reduction in support
needs and force requirements will be of
substantial benefit to both normal and
physically challenged users.

ANALYSIS

A biomechanical analysis was conducted on
the DATAHAND. The DATAHAND results were
compared to those when the hand is using a
standard keyboard input. The position of
the hand magnitude of joint reaction
forces, the number of repetitions, support
of the hand, and which muscles are used
were considered.

Figure 1

Figure 2

HAND POSITION

The hand is in the "Position of Function"
when using the DATAHAND (Fig.3) [1), Three
main advantages of this position are (1)
muscle tension does not have to be applied
to bring the fingers into the working
position, (2) the moment arm of the force
applied to the finger tip is reduced, (3)
the angle of the wrist is such that high
pressures are not produced at the carpal
tunnel. The position of the finger for
normal keyboard input is shown in Fig. 4.
The fingers are extended past their
resting position.

JOINT REACTION FORCES

The compression forces which are generated
across the joints of the fingers during
function are especially important if the
person has arthritis. High joint forces
can accelerate the disease process.
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High joint forces may also lead to eaxlier
initiation of osteoarthritis. Fig. 4 shows
the position of a finger when typing on a
standard keyboard. Two flexor tendons are
shown. The profundus tendon attaches to
the distal phalanx and the sublimis tendon
attaches to the middle phalanx. For the
purpose of calculating the joint reaction
force at the metacarpal phalangeal (MP or
knuckle) joint these two tendons are taken
as one. Fig. 5 shows the vector sum of

J ,
Figure 3 "Position of Function" of the Hand

mm x P =  T x l O mm
T = 8. 2P

r—

Figure 4 Standard Keybo ard  Finger Pos ition

s.z o

J = 8 .0 P Joint Reaction Forces
Figure 5 Standard Keyboard Joint Force at MP Joint

these forces in two dimensions. The joint
reaction force is eight times the applied
load at the tip of the finger. Fig. 6
shows the configuration of a finger when
using the DATAHAND. The applied load is
shown as 0.6 of the load applied to the
normal keyboard. Because of the geometry,
the joint reaction force is lowered to
about one - third of the standard keyboard
joint reaction force as shown in Fig. 7.
The magnitudes of the joint reactions and
the lowering of the joint reaction force
with fingers in  a flexed position are
consistent with the calculations of others
in the literature [2).

HAND SUPPORT

The hand is supported in the "Position of
Function" by a molded support in the
DATAHAND. The fact that the finger
extensor muscles are not needed to
maintain this position has already been
discussed. Supporting the hand also
relieves the duty of the trapezius muscles
which are needed to hold the hands above
the keyboard of a standard data input
terminal. Another advantage of hand
support is that it acts as a finger brace.
The flexor and extensor tendons of the
hand run in sheaths which are attached to
the bones by ligamentous pulleys. Since
the phalanges (finger bones) are a t an
angle to the metacarpal bones, the tendons
make an angle at the MP (knuckle) joint.
If the ligamentous supports of the tendon
sheaths are stretched because of trauma or
a disease process such as rheumatoid
arthritis, the tendon will bow string.
Normal and stretched extensor tendon paths
are shown in Fig. 8. With each extension
or flexion of the stretched hand, the bow
string causes a bending moment to further
stretch the soft tissues. Repetitions of
flexion and extension cause the typical
appearance of the windswept or ulnar
deviated hand. This is because the already
weakened constraint ligaments are forced
to carry substantial forces during hand
function. These forces stretch the
ligaments further which leads to the
vicious cycle which leads to extreme
deformities in these types of hands.
Keeping proper alignment of the fingers
and metacarpals will reduce this
phenomenon. The hand support will act as a
brace which is the treatment fox many
rheumatoid hands.

MUSCLE ACTIVATION

There are two groups of muscles which
control the hand, the intrinsics and the
extrinsics. The extrinsics are located in
the forearm and are the stronger of the
two sets of muscles. The extrinsics axe
used for power such as grasp and pinch
activities. The tendons of these muscles
pass through the carpal tunnel of the
wrist. Repetitive motion of these tendons
can initiate and/or aggravate carpal
tunnel syndrome (CTS). CTS is pain,
numbness, and tingling of the hand caused
by pressure in a bony tunnel in the wrist
through which the flexor and extensor
tendons pass. The intrinsic muscles are
located within the hand and provide the
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control and balance for fine hand function
(3). Since these muscles are within the
hand their tendons do not go through the
carpal tunnel. Since the motion of the
f i n g e r s i s a v e r y f i n e mo v e me n t , muc h o f
the finger motion when using DATAHAND will
be activated by the intrinsic muscles. The
excursion of the tendons will be much less
w i t h t h e DATAHAND b e c a u s e t h e sum o f t h e
angular motions of all the finger joints

0 . 6 x 6 0 m m =  T x 1 0 mm
T  =  3 .6 P

Figure 6 DataI-1and F inger P osit ion

Figure 7 DataHand Joint  Reac tio n F orc e at  MP  Jo int

I a
r

1

Uw , Dc vi,000 ` - - - � J
R6eu LW A  b r " Normal

Figure 8 Do rs al View (Viewing Back o f Hand )

is much less with the DATAHAND than during
normal keyboard operation. The operation
of the DATAHAND will employ several
different muscle actions thus reducing the
number of repetition s of any one motion.
This may be an advantage for reducing
muscle fatigue.

SUMMARY

This preliminary study indicates the
DATAHAND has several biomechanical
advantages over conventional keyboards.
For peo pl e wi th  h and  p at ho lo gy suc h as
those with arthritis, the joint forces
will be reduced and the number of
repetitions at the same location reduced.
Deformations of the constraining ligaments
will also be reduced. People with
arthritis also  often have r educed muscle
strength. The lower muscle activity
required by the DATAHAND would be a great
advantage to this population. Potentially
there should be less pain for
osteoarthritics. S.tudies will be done to
verify the results of this preliminary
study. Experimental measurements of emg
signals by the various muscle groups will
be made. The contact forces will be
measured and t he muscle fat igue assessed
after long -term use.

REFERENCES

1. Ernes t W, Lampe, Surgical Anatomy of
the Hand, CIBA Clinical Symposia,Vol. 21,
No 3 , 1 9 6 9 .

2. B. Weightman, A.A. Amis, Finger Joint
Force Predictions Related to Design of
Joint Replacements, J. Bioed. Eng. 1982,
Vol. 9, July, pp. 197 -205.

3. E.V. Chao, Biomechanical Analysis of
the Hand, in Orthopedic Bioengineering - A
Treatise, Van C. Mow, J.L. Katz, eds.

Leland W. Knight, Associate Professor
School of Design, Arizona State University
Tempe, AZ 85281 -2105

50 R E S N A  I n t e r n a t i o n a l  ' 9 2 • J u n e  6  - 11 ,  1 9 9 2



T he S yn ergy Co mp uter --  Beyo nd  the Lap to p

Dawn Russ ell, M.A.,  CCC -SLP and  Emily Hoeffel,  Ed .D.
S ynergy - Ad ap t ive Inno vatio ns

Ab s trac t

This p ap er d is c us s es a c o mp uter s ystem
develop ed  to  ad dres s  the uniq ue needs  o f
p ers o ns  with p hys ic al and  /o r s p eaking
d is ab il it ies . T his  IBM - c o mp atib le,  weather
res is tant  c o mp uter s ys tem, Synergy, p ro v id es
mo d ula r c o mp o nen ts  th at  al lo w f o r o p timal
att ac h men t t o  a  wh eelc ha ir. T he b o d y o f the
co mp uter,  inc luding p roc es s o r and  hard d rive,
c an b e p la c ed  in th e b ac k o f the wheelc hair and
p o wer ed  b y  t he  whee lc ha ir  b a tt er y. A flat
p anel d is p lay c an b e  mo u nted  at  th e o p t imal
site fo r vis ual ac c es s .  T he c hoic e o f ad ap tive
inp ut als o  c an b e mo unted  s ep arately,  at  the
op timal s ite fo r p hys ic al ac c es s . If  sp eec h
o utp ut is  d es ired ,  o ne  o f many high q uality
s p eec h  c ard s  c an b e ins talled  within the
Synergy s ys te m wit ho u t ad d in g any  e xte rn al
c o mp o nents . Since the Synergy sys tem is
p o we red  b y  th e elec t ric  wh eelc hair ' s  b a tte ry,
it  is  ab le to  run fo r an entire d ay witho ut
req uiring b atteries  to  b e rep lac ed  o r rec harged .
Furthermo re,  the p ro c es s o r,  memo ry and  hard
d r ive  wit hin  t h e Synergy s ys tem ar e e as ily
up dated  with "o ff -  the -  s helf"  c o mp onents
availab le fro m an y c o mp uter s to re. Any MS -
DOS  s o ftware c an b e us ed  with the S ynergy

s ys tem.

Bac kgro und  and  S tatement o f P ro b lem

F o r maximum integratio n,  p ers o ns  with
d is a b ili t ie s  ne ed  a  me ans  to  writ e,  r etrieve
info rmatio n and  s p eak in all enviro nments _  F o r
many,  this  means  us ing a p o rtab le c o mp uter
mo unted  to  their wheelc hair and  ac c es s ed  us ing
ad a p tive  in p ut s . T yp ic ally,  lap to p  c o mp uters
have b een used  to  meet thes e need s,  ho wever,
lap to p s  ha ve  p re s en te d  s e ver al  l imita tio n s .
Fo r ins tanc e,  lap to p s  req uire a new b attery
every o ne to  thr ee ho urs .  Often the p ers o n with
d is ab ilit ies  is  un ab le  to  c hang e th es e b atte ries
b y thems elves  and  req uires  as s is tanc e.

F urthermo re,  lap to p  c o mp uters  are a s ingle
unit .  T his  makes  them c o nvenient fo r no n-
dis ab led  p ers o ns  to  c arry,  ho wever,  fo r
ind ivid uals  wh o  us e a d ap tive  ac c es s  to  the
co mp uter,  a s ingle unit is  mo re d iffic ult  to
att ac h  t o  a  wh ee lc h air ,  s in c e th e e ntire
co mputer,  inc lud ing CP U and  keyb o ard  mus t b e
atta c he d  t o  t he fro nt o f t heir whee lc h air  s o
that  the d is p lay c an b e vis ib le. Ev en
ind ivid uals  wh o  u s e ad ap tiv e inp ut s  a nd  are
unab le to  us e a s tand ard  keyb o ard  mus t have
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the entire lap to p ,  w ith keyb o ard ,  mo unte d  to
th e fr o n t o f  t he ir  whe elc h air.

An o t h e r  l imit a tio n  in d iv id u a ls  h a v e
exp erienc e d  with lap to p  c o mp ut ers  is  in
up d ating c o mp o nents  as  techno lo gy ad vanc es .
Fo r instance, if  a lap to p' s proc es so r beco mes
o utd ate d ,  the y mus t  rep lac e t he ent ire
co mp uter. In co ntrast ,  us ers o f d es kto p
co mp uters are ab le to  up d ate their p ro c es s o rs  b y
s imp ly rep lac ing the p ro c es s o r c ard .

Ind ividuals  who  are no n - s p eaking and  us e
d ed ic ate d  c o mmu nic atio n d e vic es  r ath er t han
lap to p  c o mp ut ers  have exp e rienc ed  even
greater d iffic ult ies  in gaining a c c es s  to  writ ing
and  info rmat io n  r et rie va l. If  th ey re q uire
ac c es s to  a c o mputer, they o ften are p ro vid ed
with a s e p arate d e s kto p  c o mp uter,  s e t  up  with
their ad ap tive ac c es s  equip ment o r ac c es s ed  via
their d e d ic ated  c o mmunic atio n s ys tem.
T herefo re,  thes e p ers o ns  c an s p eak anywhere,
but they c an take no tes ,  write let ters ,  etc .  o nly
at  t he s ite o f t heir ad ap te d  c o mp ut er.

Des ign

Our go al in d evelo p ing the S ynergy c o mp uter
s ys tem was  to  p ro vid e a s tand ard ized  c o mp uter
sys tem whic h would  meet the uniq ue need s  o f
p er s o n s  with  p h ys ic al  d is ab ili t ie s  who  us e
req uire ad ap tive ac ces s  to a c o mp uter. We
aimed  to  p ro vid e a s ingle c o ns is tent s ys tem
tha t wo uld  b e ava ilab le in  a ll en viro n me nt s .
Furthermo re,  we wanted  the s ys tem to  be c o s t
eff ec t ive  an d  aff o rd ab le.

The S ynergy c o mp uter s ys tem p ro vides  mo d ular
c o mp o nents  that  allo w fo r o p timal mo unting to
a wh eelc ha ir. T he c o mp uter,  with p ro c es s o r,
hard  d rive and  flo p p y d rive,  c an b e p lac ed  in
the b ac k o f t he whe elc hair  and  is  p o we red  b y
th e wh ee lc ha ir  b at te ry . T he  f la t  p an el
d is p lay c an b e mo unt ed  s ep ar ately at  the
op timal s ite fo r vis ual ac c es s .  T he inp ut d evic e
c an als o  c an b e mo unted  s ep arately,  at  the
op timal s ite fo r p hys ic al ac c es s . If  an
ind ivid ual c anno t us e a s tand a rd  key b o ard ,
then o ne is  no t at tac hed  to  their c o mp uter. If
sp eec h outp ut is  d es ired ,  o ne o f many high
q uality s p eec h c ard s  s uc h as  DECtalk,  whic h is
a full - s ize c ar d ,  c an b e ins ta lled  wit hin the
c o mp ut er s y s tem witho u t ad d ing an y ext ernal
c o mp o nents Also,fo r s peech output,  a s peaker
is  e mb ed d e d  with in  t h e flat  p an el d is p lay .
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The Synergy Computer

The system is designed to be weather resistant.
You do not need to remove or protect your system
when traveling in inclement weather. It is also
designed with industrial quality components to
accommodate the jarring which frequently goes
hand in hand with the use of a power
wheelchair.

The system is powered either by the electric
wheelchair's battery or by an external long -life
battery. Unlike a laptop computer whose
batteries need to be changed every one to three
hours, this system runs all day on a single
nightly charge.  There is also the option to
power the computer by plugging it into a wall
outle t.

The Synergy system accepts any IBM -
compatible component and therefore provides
all the capabilities of a desktop computer. For
instance, if you wish to control the Synergy
computer via voice input, you can install
Dragon Dictate's full size card.

Since each component is separate, the Synergy
computer allows you to modify your system as
technology improves or as your needs change.
For instance, you can change the way you access
the Synergy computer from an expanded
keyboard to a single switch by simply
detaching the keyboard, plugging in a switch
and installing the  appropria te  adaptive
software. Likewise, if you find that you need a
more powerful processor, you can upgrade the
processor without having to replace the entire
computer.

The system has been designed to be cost
effective from many perspectives. Since the
Synergy computer does not require the
proprietary components of a laptop computer, it
can be inexpensively repaired or upgraded by
anyone familiar with IBM - compatible
computers. The processor, memory and hard
drive within the  system are  easily updated
with "off- the - shelf" components available
from any computer store. You can add a
megabyte of memory to the Synergy computer
for no more than $70 rather than the $300 that
it would cost to do the same to a typical laptop.
If the system ever needs repair, you can bring it
to any local computer repair facility familiar
with IBM - compatible computers.

Development

Our initial design and development process
included initial attempts to disassemble and
"repackage" a laptop computer. However, we
found significant limitations which ultimately
demonstrated that this was not a viable route
to pursue. We felt that it would be more
effective to develop a computer system
designed from the outset to meet the specific
needs of individuals with disabilities. The
system as it presents today is the result of many
design modifications based on feedback from
field test applications. For example, as a result
of the attempts by clients to achieve maximum
independence, hardware on, off and reset
switches have been incorporated into the
design.

Evaluation and Discussion

The Synergy computer system is serving an
essential function in enhancing the
independence of individuals who use power
wheelchairs. The system provides the
capabilities of a powerful IBM- compatible
desktop computer in a form that is portable and
can be optimally mounted to a wheelchair and
powered by the wheelchair's battery
throughout the day.

The thrust of our development efforts has been
to provide individuals with the tools to
function at the highest level of independence
and to enhance their integration into the
mainstream educational program or workplace.

For instance, using the Synergy computer,
students can participate in a group writing
activity as they and their peers are gathered
around a table. Professionals can take notes
during a meeting or access information while
visiting a client. Those who require
augmentative communication can "talk" and use
their computer simultaneously.

Dawn Russell, M.A., CCC -SLP
Emily Hoeffel, Ed.D.
Synergy- Adaptive Innovations
66 Hale Road
East Walpole, MA 02032
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A Two -Class Information Model for Access
to Computers and Information Systems by People Who Are Blind

Gregg C. Vanderheiden, Tom Andersen,
John Mendenhall and Kelly Ford

Trace R &D Center
University of Wisconsin- Madison

Madison, WI

Abstract
Graphical user interfaces are now becoming the major
mode of interacting with computers and the next gener-
ation of information systems. In trying to assess the
problems created by these types of interfaces for people
with disabilities, substantial confusion has been created
by the lack of distinction between true graphic informa-
tion and the use of graphical metaphors to represent
concepts such as files and commands. Based upon the
work developing alternate access systems for Macin-
tosh'" and Windows—computers, a two -class informa-
tion model is advanced. Its purpose is to clarify and
facilitate research and education on accessibility issues
surrounding graphical user interfaces. The model is
also intended to be applicable and extensible to virtual
reality and other interface systems which use metaphors
to facilitate presentation or control of information.

Background
Interaction with computers involves both presentation
and manipulation of information, as well as the issuing
of commands. The information may be of different
types, including verbal, spatial, or graphic information.
Commands can by typed, selected from a list, etc.

originally, computer displays were text - based. Infor-
mation could only be presented as running text, spa-
tially organized text, or with a graphic created by
arranging single characters (letters, numbers, or graphi-
cal characters) to create a rough "picture." The com-
mands were similarly issued either through typing the
commands into the computer (as text) or through se-
lecting commands from menus displayed on the screen
in text.

Because of the heavy text orientation of these systems,
individuals who were blind were able to develop and use
text - reading strategies to access and use the computers.
Products known as screen readers were used to read the
information displayed as text on the screen, using voice
synthesizers, or to send the information to a braille dis-
play. The information that was presented spatially (that
is, by its position on the screen) could also be accessed
through the use of screen navigation commands and the
ability of the person who was blind to maintain a picture
of the screen layout in their mind.

Although they were able to access much of the infor-
mation on the screen, the screen readers were not able
to access drawings or diagrams, even if the drawings
were created using letters of the alphabet. Except for
very simple stereotypic graphic "drawings," it was ex-
tremely difficult or impossible for a person who was
blind to form an accurate mental picture of a drawing
on the screen created with characters. Thus, even on
character -based computers, graphic presentations of
information were not necessarily accessible. In addi-
tion, many character -based programs also had graphic
modes, which they would switch into when presenting
charts, diagrams, or other graphic elements. Since
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these modes of operation were pixel - based, the screen
readers would essentially be blind whenever the graphic
modes were invoked.

Graphical User Interfaces
With the advance of graphical user interfaces, the entire
screen was converted into a pixel -based system. This
allowed for the easy intermixing of text and graphics.
Furthermore, the graphics were used not just to display
graphic information, but also to allow elaborations on
how text was presented (different fonts, styles, at-
tributes, etc.), to help indicate organization and group-
ing of various text elements on the screen (documents,
dialogs, menus), and to display available commands
such as page up, page down, document size, etc.

The Problem
Because everything from text to system commands are
now being displayed graphically, the perception was
that all of this would be as inaccessible as graphics were
when they did appear on character -based computers.
The most obvious problem with graphical user inter-
faces was that screen reading software had difficulty ac-
cessing the text on these screens. Strategies have since
been developed, however, to overcome this first barrier.

Another major barrier appeared to be the existence of
icons, windows, and other graphic elements on the
screen, which were presented graphically rather than as
characters. For the traditional screen reading ap-
proaches, which were designed to read characters only,
these graphic elements appeared to present a large new
barrier. As a result, individuals who were blind were
not only unable to access true graphic information
(which was also not accessible with character -based
systems), they were now also unable to access the basic
display and command structures necessary to access text
(which they did have access to with character -based
systems). However, most of the graphic elements
(icons, windows, etc.) are only graphic representations
of concepts which could also be presented verbally
(spoken or in braille).

In other words, many of the "new barriers" that were
perceived as being created by graphical user interfaces
are in fact artifacts of the way in which the information
is being presented to sighted users. There is, in fact,
nothing inherently graphic about the underlying con-
cepts, and they can, if desired, be presented in verbal
(speech, braille, etc.) form as well. Other information
which is inherently graphic (charts, drawings, etc.)
would, however, still present the same access problems
as it did in the character -based systems. However, the
inability to easily distinguish between these two types of
"graphic" information has caused much confusion in the
field.

The Model
The proposed model seeks to separate the inherent
nature of the information being presented from its pre-
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sentation format. For example, if there is a command
such as "Delete," which could be presented either with
the word "Delete" or with a picture of scissors, that
command would be classified the same. The fact that a
particular operating system chose to represent it as the
word or as a picture does not make the underlying con-
cept (Delete) more or less graphic.

Although different classifications schemes could be
used, the interest here is in mechanisms for providing
access for persons who are blind. An objective of this
model, therefore, is to help separate those elements to
which we can provide access in a rather straightforward
fashion, using speech or braille, from those for which
other techniques would be needed in order to provide
access. The model therefore uses a verbal/nonverbal
scheme, and classifies the different types of underlying
information into those which can be expressed in words
(Class 1) and those which cannot (Class 2). For the
graphical user interface command with Macintosh'
and Windows 3.0'" environments, this two -class model
is shown in Table 1.

Table 1:
Delineation of Elements in the  Macintosh' and

Windows 3.0'" Environments According to the Model

Mass I: Information that can be presented in words
(e.g., spoken or in braille)

Systems contracts (e.g., windows, menus, dialogs)
Text
Textattributes (e.g., bold, italic, font, font size)
Icons (small images that always appear exactly the

same)
Aura- interpretable images (stereotypic graphics or

nonverbal sound that can be computer -in-
terpreted and completely described by
words)

Class 2: Information that is inherently graphic and
cannot be described easily and completely with
words.

Lime drawings,simple charts, maps
Gray-scale pichays, etc.
71h ee- dimensional images
Animated images

As can be seen, the classification of information is
somewhat dependent upon our current level of techni-
cal sophistication. Simple charts which can be easily
interpreted by a computer and changed into a verbal
description would fall into Class 1, while more sophisti-
cated charts would remain in Class 2.

Access to Class 2Information
Since the information in Class 2 by definition cannot be

number of these strategies is the Systems 3 prototype
being developed at the Trace Center working in con-
junction with Berkeley Systems, Inc. of California. This
prototype combines verbal (speech or braille) output
with two - dimensional sound and a virtual tactile tablet
to allow access to graphics such as bar charts, pie charts,
line drawings, etc. With the system, the individual can
feel the image while using sounds to provide spatial and
textual information. The system also provides better
access to spatially arranged text such as sparsely popu-
lated charts, flowcharts, etc.

It is not yet possible to access all types of Class 2 infor-
mation with this system. For example, the system does
not provide any access to gray -scale pictures or very
complex graphics, nor does it address three - dimensional
or animated presentations. However, as computer im-
age interpretation algorithms are improved and applied
to this area, the amount of information that can be ac-
cessed by people who are blind can be continually in-
creased. Moreover, this not only applies to information
which originates on the computer, but also to pictures,
diagrams, and images which appear in print and daily
life. With the use of scanners and digitizing cameras, it
is now possible to easily capture these pictures and
move them into the computer, where these types of
special graphics access interfaces can allow the user
who is blind to explore the images.

Applications of the Model
This model is not limited to the types of user interfaces
that are common today. It also applies to pen -based
computing and virtual realities, as well as to future in-
formation technologies yet to be developed. In each of
these environments, this model can be used to separate
true graphic, true gesture, or true three - dimensional
information from graphic, gestural, or three- dimen-
sional metaphors for concepts which could also be com-
pletely represented verbally.

The model also gives two directions for further work to
improve accessibility. The first is to find ways to con-
vert Class 2 information into Class 1. An example is
software that can interpret stereotypical graphics such
as bar and pie charts and present them verbally. The
second direction is to develop technology for improving
access to Class 2 information. Examples in this area in-
clude large, fast interactive tactile displays; image en-
hancement; image separation; video annotation
systems; and computer- assisted interpretation of
graphics.

This work has been supported in part by Grant
H029F80083 -91 from the National Institute on Disabil-
ity and Rehabilitation Research of the U.S. Department
of Education and by Apple Computer Corporation.

accessed purely through verbal means, other strategies Gregg C. Vanderheiden, Ph.D.
can and are being explored to allow access. Among Trace R &D Center
these are the virtual tactile tablet, different uses of S -151 Waisman Center
sound, and kinesthetics (the sense of where one's body 1500 Highland Avenue
and limbs are in space). One system which combines a Madison, WI 53705 -2280

54 RESNA International '92 • June 6 -11, 1992



SEE, HEAR & TOUCH THE GUI: COMPUTER FEEDBACK THROUGH MULTIPLE MODALITIES

Deborah 1. Fels ', G. Fraser Sheinr, Mark H. Chignell' , Morris Milner!
'Department of Industrial Engineering, University of Toronto

rHugh MacMillan Rehabilitation Centre

ABSTRACT

Computers have opened a new world for people with disabilities
allowing them to communicate, work, and interact. Through
innovation and modification, computers can be made accessible to
many people regardless of any limitations. Much emphasis has
focused on input techniques for the human - computer interface and
on improving the visual presentation of information. However, as
these visual presentations become more sophisticated, exemplified
by Graphical User Interfaces (GUIs), access for people with visual
or cognitive impairments often becomes more difficult. A model
of feedback that is independent of sensory modalities (i.e., visual,
auditory and tactile) is presented that separates information, such
as a system message, from its presentation attributes such as screen
coordinates, colour or pitch. This information can be conveyed
through one or more different sensory modalities without losing
the context and content of that information. The benefit of
providing information through multiple modalities is that designers
are not restricted to the visual modality and that people with visual
impairments can gain equal and functional access to the user
interface.

BACKGROUND

Computers are able to offer many exciting and unique
opportunities to people with disabilities for communication, daily
living and work. For example, people with visual impairments can
use screen reading systems that "speak" the text appearing on the
screen. It is important to examine, improve and generalise the
underlying concepts of the user interface so that software can be
designed that accommodates the various needs of all people. By
studying the logic of feedback to users from computers and
developing a language which describes it in a generic form, the
theoretical foundations of the user interface can be expanded and
improved. Expressing feedback though a common language layer
will enable application programs to be developed that can be used
by people with disabilities as well as the able - bodied population.

Feedback from the computer about what it is doing is a critical
component of the overall usability of a computer system. It must
be tailored for each user as well as for each task. Currently, users
must adapt to pre - defined computer interfaces which present
information almost exclusively in a visual form. If users cannot
adapt to this feedback arrangement, they must find alternatives or
systems customised to meet their needs.

Humans are able to combine five modalities (hearing, vision,
touch, smell, and taste) to receive and process stimuli and feedback
from the environment. In contrast, computers for general use can
be characterized as "mono-sensory" in that most of the information
is conveyed through one main output device, the visual display
terminal (VDT) which uses only the visual channel (Buxton,
1987). This excludes users who are visually impaired or who find
visual feedback too complex or too confusing to comprehend.

Hence feedback should be provided through multiple channels
using the visual, auditory and tactile sensory modalities (Shein,
Brownlow, Treviranus, & Parries, 1990). Figure 1 illustrates this
concept of expressing computer feedback through different sensory
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modalities. By incorporating mull -modal feedback design
features into standard software such as a word processor, the
software can be made more universally accessible.

The concept of modality independence is similar to the notion of
device independence. Device independence means that
information from input devices or graphical images can be
categorised into generic and standard classifications (Baccker &
Buxton, 1987). An example of a device independent classification
system is the Graphical Kemal System(GKS). It defines the types
of infonnation from input devices and screen graphics to /from
application programs as logical or virtual devices defined by
function rather than form (Van Den Bos,1983). All information
provided by input devices such as location or text can be classified
into these categories. GKS assumes that feedback is conveyed
through the visual modality and does not consider other output
channels (such the auditory or tactile channels).

Systems 3 developed by Vanderheiden, G.C., and Kunz, D.C.
(1990) is a system which uses tactile and voice output to represent
the graphical user interface to a blind user. Graphical information,
such as an icon, is converted to an auditory description as well as
to a tactile representation of that visual image in the tactile screen
space (virtual representation of the screen). This system attempts to
preserve the spatial information that is inherently provided by the
visual display on Ihccomputcr monitor. However, it does not
standardise the language of the user interface but translates what is
presented visually directly into an auditory and tactile description.

A system that has recently been introduced is IBM's
ScreenReader/PM for OS/2 which produces an aural translation of
a GUI. This system uses a database (off - screen model) to track
and manage all of the items that are represented on the screen
(Schwerdtfeger,1991). It assigns all of the information on the
screen along with identifying attributes such as font, colour, and
point size to a place in the database_ This system directly translates
what is on the screen to a spoken equivalent via a speech
synthesizer. In some instances, some pre-processing does occur so
that information such as changes in colour are represented by
words which convey the meaning of the display (e.g., the active
window is usually visually indicated by a change in colour, and
audhorily represented by telling the user the title of the active
window instead of the colour). This system, however, does not
decipher the underlying semantics of the information but directly
conveys what is presented on the screen. In addition, the off -
screen model has limited capacity to convey icons and graphical
images so that they have equivalent auditory significance.

STATEMENT OF PROBLEM

Much of the current research in rehabilitation engineering has
focused on designing better input techniques and systems. Less
effort has been placed on how to tell the user what is going on
within the machine (feedback).

The goal of this research is to develop and test the viability of a
feedback system whereby information is presented to the user from
a computer in generic terms independent of the modality. Instead
of device independence with respect to input devices, this research
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Figure 1: A Model of Modality - Independent Feedback

will focus on classifying and expressing information from
application programs that is independent of modality. This
information could then be translated by physical devices such as
VDTs, speech output devices and braillers into a modality
appropriate for each user.

Research Hypothesis

The hypothesis of this research is that much of the information
conveyed to users by the computer can be expressed completely
through one or a combination of the three modalities (auditory,
visual or tactile).

AP P R O A C H

A taxonomy of feedback techniques is being developed based on
information gathered on input as well as an in -depth investigation
of existing word processor systems. Word processing systems are
the most commonly used software for computerised augmentative
communication systems. The taxonomy discussed in this paper is
a first attempt at defining a standardised nomenclature as well as a
structure of the various relationships between the different types of
feedback. Small tal k7V TM f or Windows  3.0 , an object - o riented

pr ogramming e nvir onme nt,  i s be i ng use d as  the de ve lo pme nt  t oo l
for  the taxonomy and the mode l of the pro jec t-

Bas ed on pr el imi nary wo rk by Fe ls  (1 987 ),  ei ght general cat egori es
have been de fined to de scr ibe  infor mat ion that  is  pr ese nte d t o t he

user by the computer.

I)  message;

2) block;

3) prompt;

4) set of choices;

5) cursor,

6) alphanumeric;

7) symbol; and

8) graphics.

The message object provides system status information to the user
(e.g., error message). A block object separates related information

from other information that is available to the user (e.g., a
wind ow). A prompt asks the conceptual question "what should be
done next" and requires an answer from the user (e.g., a button in
a d ialog bo x). T he set of choicesobject is a grouping of choices
from which the user must select one item (e.g., a menu). A cursor

indicates the operational location of, and may also indicate
function within, the application currently in use by the user (e.g.,
arrow cursor for a mouse). These five categories provide the
context through which information is expressed.

Alphanumeric, symbol and graphics objects represent how
information is communicated and expressed to the user through a
linguistic or graphical form. These three categories provide the
content of the information.

Computer feedback objects for augmentative communication aids
such as scanning arrays, menus, and visual keyboards as well as for
Windows 3.0 have been defined using this hierarchical
classification system. An example of a visual keyboard object that
has been classified using this system is illustrated in Figure 2. It is
defined as a set of letters displayed on the screen that user can
select (and enter into another application program) by pointing to a
letter with a pointing device. It is an alternative to the keyboard for
people who cannot type using a standard keyboard (Shein,
Hamann, Brownlow, Treviranus, Pames, & Milner, 1991). As
seen in Figure 2, the visual keyboard is classified as a block that is
comprised of a prompt, a cursor and graphics. The content of the
prompt, in turn, is a set of choices which consists of alphanumerirs
and graphics. The cursor is comprised of a graphic.

The approach Laken in classifying these objects has been to
organise them from the "top down ". The top -most level(s) in the
hierarchy provides the context of the keyboard object and the
lower levels define the content. From the example, the top -most
level of the visual keyboard is the block. The next level providing
additional context for the keyboard object is a prompt and a cursor.
The prompt and cursor are contained within the block and are
specific to the objects within the block regardless of other items
that exist outside of the block region. The prompt is described by
two lower levels that provide the context and content of the
prompt: a set of choices which is the set of keys available to be
selected; and each key (choice) has a graphic represented by its
surrounding box and an alphanumeric represented by a letter as its
content

DISCUSSION

Currently, these categories only define static information presented
to users. Functionality or dynamic information remains to be
defined within the taxonomy. For example, an arrow cursor is
different than a bar cursor. While both specify location
information (i.e., operations are performed at the cursor location)
there are inherent differences in functionality. The arrow is
associated with pointing to a location followed by a selection while
the bar is associated with entering data at that location.

In addition, a strategy for presenting information in each modality
in an appropriate and acceptable format must be developed. For
example, the best method to present emphasis on an object, such as
indicating the active application window, may be to vary the pitch
in the auditory domain and change the colour in the visual
modality.

IMPLICATIONS

The implications for this system are that much of the feedback
displayed by computers and computerised communication aids can
be defined independent of the modality used to express this
feedback. This means that the GUI can be accessible to people
who currently have difficulty understanding the feedback
presented to them or who cannot see what is presented to them on
a computer screen. Handling the graphical component of the user
interface in a useful and meaningful way for people with visual
impairments is not implemented in any of the available screen
reading software. By describing graphical information using the
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auditory or tactile modality, people with visual impairments will Van Den Bos, J. (1983). Wither device independence in interactive

have a better understanding and ability to work with the GUI graphics? Int. J. of Man - Machine Studies, 18, 89 -99

without losing the information that is conveyed by the graphical
Vanderheiden, G.C., Kunz, D.C. (1990). Systems 3

-

An interface
objects. to graphic computers for blind users. 13th Annual Conference of
In addition, at a more fundamental level, a theory of how computer RESNA (Interdisciplinary Association for the Advancement of

feedback can be categorised and expressed as generic information Rehabilitation and Assistive Technologies). Washington D.C.,

that is independent of modality will contribute to a more complete 259 -260.
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3.7
Voice Recognition as an Alternative Computer Mouse for the Disabled

Gerald Miller, PhD
Bioengineering Program, Texas A &M University

ABSTRACT

Analys is of  voice recognit ion as an alternative computer
mouse controller f or handicapped users was conducted.
A prototype system was developed consisting of a series
of bandpass f i lte rs with logic  contro ls. This system was
connected to a computer bus mouse controller card
Inserted in a 386 PC. Standard mouse movement
commands  were incorporated  into  the design including
'left ", 'r ight' , "up ", "down ", "stop' and "click ". Speaker
independence, recognition accuracy and  re liabil ity, and
cost were design features incorporated into the prototype
development.

INT RODUCT ION

Many ind ividuals  suff er from severe handicaps such as
quadriplegia, paraplegia, or limited motor function
resulting from a variety of neuromuscular disorders.
Limitations In motor function and coordination prevent the
use of standard manually operated devices in the
workplace and home environment. Typical of such devices
is a mic rocomputer, whose p rimary inputs  include  such
manual ly operated devices as a keyboard, mouse,
joystick, touch screen, and light pen. These devices are
relatively inexpensive and are designed for an able bodied
population. There are fewer options available for a
disabled population of potential computer users (Miller, et
al, 1989).

Voice  technology has  recently been emp loyed  to allow
Interface  to  a computer f or both handicapped and ab le
bodied individuals (the latter group for cases where
hands -free computer input is required). Utilizing standard
word processing languages, a vo ice processing system
can be tailored to provide text input and to control
common computer functions including control of the
operating system. These voice processing systems usually
emp loy a computer board  with accompanying software.
Diff iculties associated with the use of voice recognition as
an input to actuate devices include speaker dependency,
background noise, excessive speaker training, recognition
accuracy and repeatability,  and expense. These Issues
have been addressed  by Miller and Etter (1990), Bristow
(1986) and Schroeder (1985) among others. Customized
voice recognition systems have also been developed for
non - computer applications including usage by a disabled
population. One such system was  deve loped to  control
the  motion o f a mo to rized wheelchair for quadraplegics
(Miller, et al, 1985).

The contro l of  cursor movement by voice, s imilar to that
achieved manually with the use of a computer mouse, has
been restr icted . A manual ly operated mouse is  a simple
and inexpensive input device involving potentiometers
which contro l curso r movement through a serial port or
bus mounted board. The development of a voice activated

mouse should be similarly simple to operate and
inexpensive.

This paper outlines the development of a voice activated
computer mouse  f or use In controlling screen cursor
movement, in a manner s imi lar to  that achieved by a
manually operated mouse. The device consists of a series
of bandpass f ilters with logic controls which interface to a
bus mouse  compute r board  through a standard 9 pin
connector.

DESIGN AND DEVELOPMENT

The voice act ivated mouse  is designed to  p rovide  s ix
words to control screen cursor movement: up, down, left,
right, stop and click. The system is utilized to drive a bus
mounted mouse on an IBM compatible 80386
microcomputer. System constraints include speaker
independence  and s imple user training. A Logitech bus
mouse card is used for interfacing purposes.

The system schematic diagram is shown in figures 1. The
microphone is wired to the input of a 741 op amp
connected as an Inverting amplif ier to magnify the signal
fif ty times. The output of this ampli f ie r goes through a
buffer before going to both the 1000 and 1600 hertz filters.
The buffer eliminates impedance mismatch problems
between the preamp and f il ter stages. Both f ilters are
active second order bandpass f ilters with Q values of ten
and gains  of two. As the Q value increases, undesirable
frequency components are attenuated more. The output
signals of both f ilters then go through respective variable
ampli f iers  and then to respective rms to  do converters.
The signals from the variable amps are full wave rectif ied
and then low pass f iltered to provide outputs proportional
to the magnitude o f the ac signals. Both do outputs are
fed into  a comparator. Through experimentation it was
determined that if  the variab le  amp f or the 1000 hertz
signal is set at an amplification of 12.6 times, and the amp
for 1600 hertz signal is set at 2.6  times, the  comparator
output can be used to dif ferentiate between certain vowel
sounds for both workers on this project.

A trigger is used  to activate the f irs t timer. The trigger
consists of a comparator which has a high output
whenever a person speaks. A high voltage corresponds
to approximately five volts while a low voltage
corresponds to about zero volts. The  two inputs to the
trigger comparato r are a do vo ltage proport ional to the
1000 hertz f ilter output and a constant .5 volts. Hence, If
the do s ignal from the f ilte r Is  greater than .5  volts, the
comparator output goes high. The design of the trigger
mentioned above which incorporates the 1000 hertz f ilter
eliminates the problem of background noise activating the
remaining circuitry. Large capacitors are connected to the
output of the comparator. The voltage after the capacitors
pulses high when a word is spoken. This pulse activates
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the  switch which trigge rs the  f i rst timer by shorting the
timer input to ground. The timers are in a cascade
arrangement as can be seen from the schematic. These
one -shot timers have a high output for the period of time
specified in the schematic. At the end of 50 milliseconds,
the 100 millisecond timer is triggered and so on. The f irst
timer clears the  f lip -f lops and the shift reg is te r in the
parallel loading mode.

In order to recognize short words, a shif t register is used,
which when clocked, loads data serially, At 155 ms, the
serial shif t register is clocked so that data is loaded and
shif ted. I f  the  spoken word has been completed, and
therefore the trigger comparator output is low, then
through digital logic circuitry, a high is loaded to the shif t
register. The shift register has five outputs, such as
" LLLLL." The L  is  f o r low and an H is  high. If  a short
word is spoken, the outputs would change to " HLLLL." If
a long word  was  next, the  outputs  would be "LNLLL."
Using digital  logic circuitry, if  the f irst output is high, the
second output of the shift register is low, the "stop" f lip -
flop Is activated. If  both the f irst and the second outputs
are high, the "click" f lip -flop is activated. If  the f irst output
of the shift register is low as in the f irst and third examples
above, neither of these two f lip -f lops is activated. The
spoken word  must last less than 155 milliseconds to be
recognized as a short word. A shift register connected so
that data is loaded in a parallel fashion and a decoder is
used to determine the longer words. The f ive inputs to
the shif t register are transferred to the f ive corresponding
outputs only when the shif t register is clocked. The three
bit decoder has three inputs and eight poss ible outputs
(000,001,etc.) The output of the decoder corresponding
to the three bit input only goes high when the decoder is
enabled with a high voltage. At 155 milliseconds the
parallel shif t registe r is clocked. Only two inputs and
outputs are used. If  the word is still being spoken at 155
milliseconds, one of the two will be high and shifted to the
shif t register output. The  comparator output which the
filter inputs is used to determine which output will go high.
Two o f the decoder inputs  are these two  shif t  register
outputs. The third decoder input is the trigger comparator
output which is high If  a word is be ing  spoken and low
other wise, as mentioned earlier. These three decoder
inputs yield f ive combinations. All of the decoder inputs
may be low indicating no word longer than 155
milliseconds has been spoken. The input from the trigger
comparator maybe high or low, and either but not both of
the two I nputs from the shif t register may be high. This
arrangement just described yields four more possibilities.
The decoder in enabled at about 500 mil liseconds after
the word begins. When the decoder is momentarily
enabled, the appropriate decoder output goes high brief ly
as well. These decoder output signals are used to trigger
the appropriate flip -f lops. Thus, short spoken words (with
short vowel sounds) must last between 155 milliseconds
and 500 milliseconds, and longer words (with long vowel
sounds) must las t longer then 500  mil liseconds for the
desired output to be activated.

The f lip -f lop are cleared at the beginning of each word so
that the flip -f lop outputs and inverted outputs are low and
high respectively. These output levels will not turn on the

light emitting diodes (LEDs) or activate the corresponding
relays. However, when a f lip -f lop is clocked, the output
goes high and the Inverted output goes low which lights
the desired LED and closes the switch in the relay. The
relays are wired to jacks so that six switched outputs are
obtained. The two short words and the four longer words
yield six combinations which activate six dif ferent relays.
These outputs contro l cursor movement as  a computer
mouse does. Interconnections are made to a standard 9
pin connector for a bus mouse card.
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UT I LI Z ING S P E EC H RE CO G NI T IO N T E C HNO LO G Y
T O INCR E AS E P R ODUC T IVIT Y

-- CAS E STUDIES

Hong Z. Tan & David M. Ho ro witz
Center for Rehabilitation Technology

Dept. of Rehabilitation Medicine
Tufts University School of Medicine, Boston, MA

ABS T R AC T

A c o mprehens ive vo c atio nal s ervic e delivery mod el us ing
speech recognition technology was presented earlier [1] and has
been applied with success. Here, we present two case studies.
One of the two  clients, JEM,  is an architectural designer, who
is quadraplegic , and who  wishes to regain self- emp loyment.
The o ther client, HK, is a vocational rehabilitation c ounselor,
who suffers from multiple sclerosis, and who requires assistive
technolo gy to  increas e her p rod uctivity on the job . While
HK' s  main c o nc ern is  to  d o c ument her  c as es  in a t imely
fas hio n (she is  b arely able to typ e),  JEM needs to doc ument
b uild ing specs as well as to draft bluep rints . JEM' s
rehabilitation pro gram involves more technology compared to
HK's. The res ults  are enco uraging. We are convinc ed that
when knowled ge engineeringl is app lied to voice rec ognition
tec hnology, pro duc tivity is  inc reas ed . A person with a
dis ab ility utilizing suc h as sis t ive tec hno logy is  in a s tro ng
competitive po sit io n with his/her able- bo died co unterparts.
Iss ues co nc erning psyc hos ocial /medical aspects of our
rehabilitation program are also addressed.

BAC KG R O U ND

There are app ro ximately 650,000 individuals  in the United
States who experience complete paralysis of all extremities due
to a variety of neuromus cular dis orders (source from
Washingto n D.C., Data o n Dis a b ility from the Natio nal
Health Interview S urvey 1983- 1985). The extent to  whic h
disability impairs manual dexterity contributes to the problems
ind ivid uals with quad riplegia face in ac hieving gainful
emp lo yment. In view o f thes e s tat is t ic s ,  there are many
ind ivid uals who co uld benefit from speech reco gnit io n
technology.

Speech reco gnitio n allows individ uals to speak to a computer
to dictate correspondence or operate software, instead of typing.
Des p ite the eno rmo us  p o tential sp eec h rec o gnit io n o ffers
individuals  with severe disabilit ies, there are very few detailed
cas e stud ies in the rehabilitation literature o n the vo cational
ap plic ations o f sp eec h reco gnition. (F or a more thoro ugh
literature review, see [ 1 ]).

Altho ugh there has b een d iscus sion of the benefits  of s peech
reco gnit io n tec hno lo gy to  s erve the vo c atio nal needs of
persons with severe d isabilities, the technology has  not begun
to serve all those who could potentially benefit fro m it. With
the introd uc tio n o f lar ge vocabulary sp eec h reco gnit io n
techno lo gy in 1985, rehabilitation p ro fess io nals  antic ip ated
very op timis tic  res ults o n the numb er o f ind ivid uals  who
would return to work [2]. Although many individuals acquired
or purchased expensive technology, only a small percentage of
those individuals who received speech recognizers are currently
employed . Part  o f the p ro b lem lies  with the fac t that  the
technolo gy has not been ready for distribution to individuals
who are quadriplegic. In part, it has been impossible to predict
bas ed  o n c lient  p ro files,  which individ uals  s tand  the b es t
chanc e of voc atio nally succeed ing with the tec hnology. This

1 We use the term "knowledge engineering" in the sense that voice
macros are created for highly repeatable blocks of texts, and these
macros are hierarchically structured.

3.8

prob lem is  d ue to the fact  that litt le s ys tematic or tho ro ugh
clinic al rep o rting has  b een p ub lis hed  in the rehabilitat io n
literature.

Another important p art o f the pro blem is the fact that sp eech
reco gnitio n is  slow. The fo cus has been that  individuals who
are d isabled are no w able to  do s omething they were not able
to do before through the use of speech recognition. However,
consider the employers pers pective. The emp lo yer wants  a
cost - effective and productive employee. Computer based jobs
invo lving do c umentatio n or so ftware op eratio n can be
ob jec tively and quantitat ively evaluated in terms o f an
individual's productivity. One parameter the employer needs to
co ns id er is text  c reatio n rate. The job  the emp lo yee ho ld s,
whet her it be c o mp uter p ro g rammer, rec ep tio nis t ,
administrator or social service counselor, is required to create
text to complete the job.

Large vocabulary s peech recognition techno logy is a severely
rate limited way to create text. Few papers are reported in the
literature which s ystematically study and rep ort text creation
rates with current s peech reco gnition technology. Antectdotal
reports claim text creation rates of 15 to 40 wo rds per minute,
dep end ing o n the nature of text  being c reated, creating new
text takes  longer than creating memo rized text . Comparing
the rates of users of large vo cab ulary s peec h rec ognit io n to
ab le- b od ied  typis ts  makes  it d iffic ult  to argue that sp eec h
recognition techno logy permits  individuals to produc e on the
job  in a c ompetit ive manner. At the high range of the s cale,
able - bodied typists are able to create text at approximately 100
words per minute. Court recorders who use a s pecial method
of keyboarding are able to type at approximately 150 words per
minute while conversational speech ranges anywhere between
150 to 300 words  per minute [3]. If the employer is under the
illusio n that  speec h recognition will be fast  because speech is
fas t, this may result  in an init ial enthus ias m for the p ro spect
o f hiring  an ind iv id ua l with s e vere  writ ing imp a irme nts .
However, without appropriate co unseling from a rehabilitation
service delivery team, the employer may become d isappointed
after co mp aring the prod uc tivity results of the speech
recognition user to the keyboard user.

There are instances where users  rep ort  that us e o f a sp eech
rec ognizer res ults  in fas ter d o cumentatio n than tradit ional
metho ds  o f text  c reatio n. Emergenc y medic ine phys ic ians ,
radiologists and pathologists report a dramatic decrease in the
time it takes to generate a written rep o rt  by making us e o f
sp ecial ap plications  o f s p eec h rec ognit ion tec hno lo gy [4].
Here, the speech recognizer is used to access pre - stored blocks
of text. Often referred to as voice- macros, these macros limit
the amo unt of text that needs to be explicit ly spo ken, thereby
increasing the rate o f text c reation. While creation of a large
number of voice - macros (which can exceed 5,000 macros) is a
time- co nsuming process,  the resultant boo n in productivity
can be well wo rth the effo rt . Adop ting the appro ach of job
spec ific  app lication develo pment, we predict the p otential of
sp eec h rec o gnitio n in voc atio nal rehab ilitat io n c an b es t  b e
ac hieved  within an app ro priate c linical framework [I]. This
paper focuses  on one technology which permits job  sp ecific
app lic ation develo pment. Its utilization is illustrated  through
two case studies.
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The sp eech rec ognition tec hnology us ed  in this  mod el is the
Kurzweil Voic e Rep o rt s ys tem (the KVR) manufac tured b y
Ku rz we il Ap p lied Intell igenc e Inc . (KAI, Waltha m,
Mas sac hus etts). The KVR is  b uilt  o n three layers : (1) the
large vo c ab ulary vo ic e rec o gnit io n sys tem that has
fun c t io n ally un limite d vo c ab ulary s ize, is s p eaker
independent/adaptive, uses discrete speech, and responds in real
time; (2) the report  generation s oftware that takes care of the
format of the repo rts the KVR generates; and (3) the domain -
sp ec ific kno wled ge base. that co ntains domain - specific
vocabularies,  and uses trigger p hrases  and fill -ins to achieve
inc reas ed  p ro d uctivity with s truc ture and  flexib ility. The
trigger p hras e is  a wo rd o r a p hrase yo u s ay to b ring up  a
predefined block of text. This block of text might contain fill -
in- the - blanks, or so- called "fill- ins ". Trigger phrases allow the
user to  s ay very few words  and yet prod uc e large c hunks of
texts; "fill - ins" keep the trigger -to -text translatio ns flexible.
A knowled ge base is a set o f trigger phrases about a p articular
topic (i.e., d omain).

OBJ EC TIVE

T he o verall go a l o f o ur s p eec h rec o gnit io n rehab ilitat io n
program is to  id e ntify  c lie nts  who s e (p o te ntial)  jo b  will
benefit from the utilizatio n o f s peech rec ognition tec hno logy,
to develop speec h recognition ap plicatio ns specific to the job,
to train the c lient,  and to  d eliver the technology to  the client
so s/he can be gainfully employed.

Our first  c lient , JEM, is  a 50 year o ld architectural des igner
who was self - employed prior to his spinal cord injury in 1988.
A C5 injury left  him quad rap legic . Due to  the s enso ry and
mo tor imp airments in his hand s , he is no  lo nger ab le to  fill
out detailed specification sheets , or to draft  plans  for a house;
no r c an he us e a co nventio nal keyb o ard . Befo re JEM was
enrolled in our speec h recognition rehabilitat io n program, he
us ed  a d o uble arm s ling to  aid  his  writ ing. Ho wever,  this
res ulted in illegib le writ ing due to hand tremor.  F urthermore,
he could no t do any precise drawing with the arm s ling. Since
JEM's  sp eech is  c lear (although so mewhat s lo w due to voc al
cord injury), he was  e nro lled  in our s p eec h rec o gnit io n
rehabilitation pro gram. JEM's rehabilitation goal is to be self -
employed again with the aid of as sistive technology.

Our sec ond c lient, HK, is a 43 year old vo c ational
rehab ilitation counselor with the state vo catio nal rehab ilitation
agenc y,  who was  d iagnos ed  with multiple s c lero s is  in 1979.
She c an b arely hit  the keyb oard  with her left  hand,  and  s he
can' t  c o ntro l her right hand  d ue to  intentio n tremo r. Her
rehabilitat io n goal is to  b e able to do cument client meetings
and pho ne conversations in a timely fashion using her vo ice as
computer input so that she can retain employment.

AP P R O AC H

The app ro ach we take fo r eac h c lient  is  s o mewhat d ifferent
d ep end ing o n the ind ivid ual' s d is ab ility and the jo b
requirements . For JEM to  be gainfully self - emplo yed  as  an
arc hitectural designer,  he has to prod uc e (1) d etailed  written
documents  (i. e., c ontracts , specification sheets , material lists,
etc.); and  (2) architec tural d rawings  with varying d egrees of
d etail (i. e. , floo r plans , cro ss sectio ns , etc .) . JEM' s
rehab ilitat ion p ro gram invo lves  three phas es : (1) using voice
rec ognition tec hnology fo r do cument p ro ductio n; (2) us ing
vo ice rec o gnit ion tec hno lo gy together with o ther means o f
inp ut d evices (e.g. , head  - mo unted  p ointer) to op erate CAD
software to p roduce architectural drawings [51; and (3) system
integration. We've finished the work for the fast p hase and the
results will be rep orted in the next s ection. The second phase
of the project  is  well under way. Our plan for the s econd and

third p hases o f the p roject will be presented in the dis cussion
section.

HK's rehabilitatio n pro gram is essentially the same as  the fast
phase in JEM's p rogram.

R E S UL T S

All o ur training  o n the KVR  was  d o n e in  a n o is y  o ff ic e
environment, where p eo ple co me and go  and  have meetings.
The recognition rates were greater than 90% for both JEM and
HK. We b eliev e t hat  th is  hig h rec o gn it io n rat e c an b e
maintained  when JEM us es  his  KVR at ho me o r when HK
uses hers in her office.

JEM has  rec eived  over 100 ho urs  o f training. The domain -
sp ec ific  kno wled ge b as e d evelo p ed  fo r him allo ws  him to
pro duc e d o cuments . T he  KVR allo ws  JE M to  p ro d uc e
professional- lo oking do cuments efficiently. It  takes JEM 7
minutes to co mplete a 2 -page spec ific atio n sheet and print it
out on a las er p rinter. According to JEM, it used  to take him
40 minutes to fill out the same spec sheet by hand prior to his
sp inal c ord injury. Po s t trauma,  it  wo uld  take him up  to  2
hours  to finish the s ame wo rk and his hand writ ing was only
legib le to hims elf. We es t imate th at  i t  w il l tak e J EM
ap proximately 2 ho urs  to d ic tate and format the s ame form
word  by word  using a conventional large vocabulary isolated
word recognition system.

Due to  h is  vo c al c o rd  injury,  JEM' s  s p eec h is  s lo w and
changes o ver time. We have ob served that after 2 or 3 hours
of c ontinuo us  s p eaking,  JEM's  sp eech is  even s lo wer2. His
intonatio n changes  as he s nuggles to utter wo rd s. With the
vo ic e- mac ro s  we' ve d evelo ped  fo r JEM,  he c an p ro d uc e
doc uments  well within the 2 -hour limit d uring which he is in
good voice.

HK has received ro ughly 20 hours  of training. The KVR has
been demonstrated to benefit HK. In addition to being able to
acc ess  a computer through vo ice and to p ro duc e d ocuments
very effic iently with trigger phrases,  HK also  b enefits from
cue text 3. HK is  req uired  to  p ut c o d es next to  almo s t
everything she documents. While she rememb ers some of the
mos t c ommonly used c odes, she has to loo k up other cod es
bec aus e HK als o  suffers  fro m memory deficit . Given the
mo b ility imp air ments with her hand s, this is bo th
cumb erso me and t ime- consuming. With the KVR,  we have
inco rpo rated c ode lists in cue text, so HK c an see the co des
next to  their meaning, and be able to select  one without going
through her files.

DI S C US S I ON

We've began phase two of JEM's pro gram which involves: (1)
training JEM to us e AUTOCAD software, and (2) develo ping
nec es sary s oftware so  JEM can ac cess  AUT OCAD through
voice and/or head - mounted pointer [5]. Phase three of JEM's
program is  s ys tem so ftware/hard ware integration. We fas t
became aware of this issue when we moved from phase one of
the project  into phase two. At that time, the KVR s oftware
only ran on a 386 -PC while AUTOCAD ran o n both the 386 -
and 486 -PC. The ques tion was  what typ e of P C should  we
recommend  to JEM. We later found out that the KVR system

L It was objectively and quantitatively determined to take him
twice as long to pronounce a word compared to a person without
vocal cord injury.
3 Cue text

is associated with "fill- ins ". It is displayed on
computer screen during dictation of documents, but does not enter
the final print -out of documents.
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also  runs o n a 486 -PC . The 486 -PC was chos en. In JEM's
case, sophisticated software and hardware are needed in order for
him to perform at a competitive level. We need to  be aware of
so ftware and hard ware co mp atib ility iss ues from the
beginning. In planning for s ystem integratio n, we also asked
JEM to  d raw a flo o r p lan of his  o ffic e /d rafting area in his
ho us e (JEM will be wo rking at  ho me),  s o we c an b egin to
plan ho w to  p o s it io n equip ment into  his  wo rk s p ac e,  and
whether further modifications to his house will be required.

For HK,  we will c ontinue to implement additional forms.  We
have finished work o n the "init ial interview form ", and  have
begun wo rking on "certific ate o f eligibility " , "fisc al co ntact
report", and other forms.

Reliable large vocabulary voice recognition technology is  still
new and very exp ens ive ( >$8,000). We c ho s e  the KVR
system becaus e it increas es pro ductivity dramatic ally through
knowledge engineering. We b elieve that  in ord er for a person
with a d is ab ility to  b e gainf ully emp lo yed ,  s /he need s  to
perform co mpetit ively compared to other peo ple in the work
place. As lo ng as the tec hnolo gy is well supp orted  and  has
potential for further development, it should be demonstrated to
be cost - effective to use.

The issue o f main tena nc e and custo mer sup p ort  aris es
whenever high tech is invo lved . Given the so phis tication of
the KVR and  AUTOCAD so ftware, JEM can not b e exp ected
to solve all future pro blems as he might encounter. Thus it is
essential to have an adequate p lan for his c ontinuous  sup port
long after the technology has been ins talled and after his case
is  c lo s ed  in o ur p ro gram. We have wo rked c lo s ely with
customer supp ort at  KAI and have reas on to believe that  their
customer support team will ad equately suppo rt JEM. During
the s ec ond p hase o f o ur p ro gram,  we need no t only to  train
JEM o n  C AD,  b ut als o  to  es ta b lis h adequate lo ng -term
technical supp ort for him o n this techno logy as well.

Psychosocial and medical aspects
In a rehab ilitation program that  invo lves high tec h training,
the engineer deals  with the client most of the t ime. However,
the  en ginee r mig ht  no t b e aware  o f a ll the med ic al and
ps yc ho s oc ial asp ec ts ab o ut the client which we b elieve are
impo rtant to  the s uc cess  o f technical training as well as the
client 's  future s uc cess . Our pro gram inc lud es  o n its  team
engineers, a clinical/research p sycholo gist, a speec h scientist,
and  a p hys iatris t , who wo rk to gether to  p ro mo te the well-
being and success of our clients.

Befo re JE M s tarted  his  training o n t he KVR s y s tem,  the
engineer was  aware o f his  s hort-term memory los s  and  was
ab le to emp lo y s trategies  and  utilize features  in the KVR to
provide cues to  guide him thro ugh d ic tation. An intens ive
training was d one right after JEM was introduced all the basic
features of the KVR. It proved to be quite effective.

As the training went o n' , it was  noticed that JEM o ften went
astray during conversation and would go on a tangent and not
return to  the to p ic . JEM ap p eared  to  b e manip ulative in
negotiating equipment needs. The psychologist discovered that
JEWS lac k of fo cus was due to minor brain injury. Therefore,
he was not able to supp res s random thoughts in the midst  of
conversation.

It  was  als o o bs erved  that  JEM seems  to  feel that  the mo re
equipment we reco mmend, the more we suppo rt him. He fears
los ing the emotional or technic al suppo rt from our p ro gram.
When we rec o mmend ed that  the c o mp uter mo nitor and  the
mo nito r for his VisualT ek d evice b e c ombined  s o o nly one
monitor needs to be purchas ed,  JEM insis ted  that he get two

mo nito rs . JEM ap p a ren tly has  d if fic u lty let t ing  go  any
eq uip ment he wants  to  get . This  will b e nego tiated  with
JEM's state VR counselor and JEM to suit both party's needs.

When the engineer who worked with JEM for the first phase of
the project noticed something unusual when the phase came to
a clo se,  o ur clinic al p s yc holo gist  was  able to  p o int o ut the
diffic ult ies  s o me clients have with termination of any kind .
Thus it  was made clear to  JEM that he will receive continuous
reinforcement training from the engineer as he mo ves into  the
sec ond  phase o f the pro jec t. This helped JEM foc us  on the
work again.

We have spent muc h less time wo rking with HK and are o nly
beginning to d isc over her p syc hos ocial and med ical as pec ts.
HK is  currently wo rking and  us es  a c omp uter at work s ite.
She fears that  learning to  use the KVR at the same t ime will
caus e co nfus ion on her job (due to her cognitive limitations).
We'll need to evaluate her concern and  when neces sary,  work
out strategies to help her better cope.

JEM and HK are both highly motivated individuals who expect
our sp eech recognition rehabilitat ion program to co ntribute to
their gainful employment. Prod uctivity is key to their future
success. With the KVR system and  knowledge engineering,
we have b een able to provide b oth c lients with a do c ument
pro d uc tio n too l that  allows  them to  p ro d uc e p ro fess io nal
rep o rts  in far les s  t ime th an with co nventional speech
recognition systems.
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4 . 1

A MOD EM - ACCE S S I BLE  F R EE -F O RM D A T A B A S E
F OR AS S I S T I VE  T E C H N O L O G Y I N F O R M AT I O N AN D  R E F E R R A L

Naama  Zah avi -Ely
Virginia As s is t ive  T ec hno lo gy S ys tem

Ric h mo nd ,  Virgin ia,  US A

AB S T R A C T

T ext d atab as e may p ro vid e a u nified ,  intu it ive fro nt
end  fo r large -s c ale c o mp rehens ive As s is t ivc
T ec hn o lo g y in fo rmatio n  c o llec t io ns .  S uc h a d ata b as e
c an c o mb ine d a ta o f v aried  kind s  f ro m d if ferent
s o urc es .  A c o mp rehen s ive t ext  d a tab as e o f As s is t ivc
T ec hno lo gy ava ilab le free o f  c harge  via mo d em c an
enhanc e P ub lic  ac c es s  to  As s is t ivc  T ec hno lo gy
info rmatio n ,  b o th  d ire c tly,  and  ind irec tly b y enha nc ing
the info rmatio n  res o ur c es  o f s ervic e  p ro vid ers  and
info rmat io n p ro v id er s .  T his  p re s ent atio n d is c us s es  the
d es ign and  imp le men tat io n  o f o ne  c o mp r ehe ns ive o n-
line text  d atab as e.

B A C K G R O U N D

Info rma tio n o n  all le vels  is  id entified  as  a majo r need
in the mand ate o f the Tec h Ac t -  fund ed  s tale p ro jec ts .S ervic e p ro vid ers  as  well as  us e rs  and  their families

need  inf o rmatio n a b o ut  d e vic e s ,  manu fac ture rs ,
vend o rs  and  p ric es ;  ab o ut fund ing s o urc es ;  ab o ut
as s es s ment,  train ing,  eq uip ment lo ans ,  rep airs ,  s u p p o rt
gro u p s  and  mo re. S uc h info rma tio n mus t b e
co mp rehens ive, d etailed ,  up  -to  -d ale and  eas y to  find .

At the  p res e nt t ime muc h  o f t his  in fo rmat io n ex is ts ,
b ut is  s p read  o ver a large numb er o f lo c al o r
s p ec ia lized  info rmatio n c e nters ,  d at ab as e s  and
d ir ec to r ie s .  Le arn in g whe re to  find  in fo rma tio n o n
eac h s ub jec t  b ec o mes  a highly s killed  jo b . Eve n when
the info rmatio n  is  availab le,  it  is  d iffic ult  and  la b o rio us
to  ferr et  o ut and  c o llate t he info rmatio n  need ed  b y an
ind ivid ua l c lie nt . It inerant s ervic e p ro vid ers ,  c as e
manager s ,  and  c o uns e lo rs  in remo t e lo c a tio ns  may no t
have any eas y ac c es s  to  info rmatio n c o llec tio ns .

S o me d atab as es ,  like Ab led ata,  arc  a vailab le via  BRS ;
b ut BRS  d atab as e s earc hes  are c ryp tic ,  and  fees  are s o
high th at  c o n s umers  are largely  exc lu d ed  an d  even
s ervic e  p ro vid ers  hav e d iffic ulty c o vering  them.
Hyp e rAb led ata req uir es  CD d riv es  whic h a re no t
read ily availab le to  the  aver age s e rvic e p ro vid er o r
info rma tio n an d  r efe rra l ag enc y,  let  alo ne the
ind ivid ua l c o ns umer.  T h e S erv ic e  Deliver y Dire c to ry
(S DD) will b e o f help  in th e area o f s ervic es ,  b ut may
no t b e read ily availab le in all lo c atio ns  fo r s o me  t ime.
All s uc h d is trib ute d  d at ab as e s  req uire  c o ns c ient io us
effo rt  o n t he p art  o f their us er s  to  ac q uir e up d ates .

S T AT E M E N T  O F  T HE  P R O B LE M

S tan d  -a lo ne  inf o rma tio n  c en ters
T he us ual s o lutio n to  info rmatio n  need s  is  t o  es tab lis h
an 800  line  wher e p eo p le c a n c all an info rmatio n
s p ec ialis t  who  s earc hes  and  fin d s  the info rmat io n fo r
them.  S uc h an ap p r o ac h has  the a d van tage o f b eing
read ily ava ilab le  and  o f p ro vid in g p ers o nal help . But if
care is  no t taken,  this  ap pro ac h b y its elf  c an eas ily
res ult  in the c reatio n o f a  multi tud e o f  s mall
info rmatio n c enters ,  ea c h trying to  c o ver all fro nts ,  and
eac h nee d ing to  c r ea te an d  mainta in  in fo rma tio n
c o lle c tio n s ,  ma nual o r c o mp ut erize d ,  a ll o v er ag ain.

S haring info rmatio n c o llec tio ns  o n -line
If,  ins tead  o f c reating a d atab as efo r the us e o f a s ingle
info rma tio n c enter,  o ne c o uld  mak e the s ame d a tab as e
availab le to  everyo ne o n -line via mo d em,  o ne wo uld  b e
enhanc in g the e ffec tiv enes s  o f  that  d atab as e
s ignific an tly. Ins tead  o f b eing availab le in one o r (if
Ji;Irib uled ) in a s ma ll nu mb er o f c e nters ,  the
info rmatio n is  d irec tly availab le to  anyb o d y who  has  a
c o mp uter an d  a mo d em - - a large a nd  gro wing
p o p u latio n. Mainten anc e is  req uired  in  o ne lo c atio n
on y. S ervic e p ro vid e rs  and  exp erie nc ed  c o ns umers
wo uld  b e ab le to  s earc h fo r info rmatio n any t ime o f
d ay o r night.  T he inf o rmatio n s p ec ialis t  wo uld  b e ab le
to  c o nc entrate o n helping p eo p le who  need  pers o n -to -
pers o n as s is tanc e. Many info r matio n age nc ies  and
sup po rt  gro up s  wo uld b e ab le to  ac c es s  the on -line
d atab as e f o r their c lients  as  need ed ,  ra ther than
s end ing them o n ano ther ro und  o f c alls ;  and
res o urc eful p eo p le,  whether  us ers ,  family,  friend s  o r
servic e pro vid ers , wo uld  be ab le to b ro ws e and  find
info rmatio n with an " I ' ll kno w it  when 1 s ee it"
ap p ro ac h whic h is  imp o s s ib le when wo rking thro ugh an
info rmatio n s p ec ialis t .  An o n -line d atab as e c an never
take the p lac e o f p ers o nal as s is tanc e; b ut it  means  that
p ers o nal as s is tanc e c an take p lac e al many lo c atio ns
rather th an o ne,  a nd  is  a h elp  rathe r than a b arrier.

R AT I O N ALE

Info rmatio n c o llec tio n is s ues
An o n -line d atab as e mus t b e c o mp rehens ive,  d etailed
and  eas y to  us e to  b e effec tive.  Co llec ting
c o mp rehens ive d ata fro m s c ratc h o n a s c ale large
eno ugh to  b e us eful is  c learly b eyo nd the sc o p e of mo s t
info rmat io n c ent ers .  No r is  it  effic ie nt to  d u p lic ate
info rmatio n - c o llec ting effo rts .  An alternative
ap p ro ac h wo uld  b e to  s hare and  d is trib ute exis t ing
c o llec t io ns  o f  info rmatio n.  T here are man y o f th es e in
c as hl a c o mp uter  fo rmat ,  wheth er as  a
datab as e, o r as  a wo rd -p roc es s ing file,  o r in p rint
whic h c an eas ily b e s c anned  into  a c o mp uter.

The p ro b lem then b ec o mes  o ne o f ac c es s ing the
inf o rmatio n. Exis t ing c o llec tio ns  make us e o f many
different p ro grams  -- d atab as es  and  wo rd  p ro c es s o rs  --
and  man y d iff ere nt har d wa re p la tfo rms ; inc lud ing P Cs ,
min ic o mp ute rs  an d  main fr ame s . Mo s t o f the s o ftware
is  not user- friend ly, and mo st wo rd  - p ro cess ing
s o ftware is  no t meant f o r c o mp lex info rmatio n
s earc h es .  Ev en if  o ne c o uld  o b tain many c o mp uter
info rmat io n c o llec tio ns  in the ir nativ e fo rma ts  with
their  o rigina l s o ftwar e an d  ma ke t hem a vailab le  o n-
line fr o m o ne lo c atio n,  nav igatin g b etwe en the
d atab as es  and  le arning to  us e ea c h in turn mightb ec o me a n o rd eal,  and  to the d ata intac t  and  s afe

fro m mis ta kes  o f naive us ers  wo uld  b e a nightmare.

Co mb in ing d ivers e  info r matio n c o llec tio ns  int o  o ne
T he alternative is  to  c o mb ine d ata  c o llec tio ns  fro m
many s o urc es  into  o ne s truc ture. Co mb ining s uc h
d ivers e info rmatio n into  a s ingle  s truc tu re us ing
trad it io nal d at ab as e t ec hno lo gy wo uld  b e ex tremely
d iffic ult  and  n o t nec es s arily very reward ing. On e
wo uld  have to kno w o r guess  in ad vanc e all the d ata
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structures one would want to accommodate. The
varied nature of the information itself would make that
task difficult, and the need to accommodate diverse
and variable field lengths and diverse linkages would
complicate the issue. In addition, most databases are
not particularly user - friendly without the creation of a
superstructure of menus and interfaces closely tailored
to the files, which again would necessitate knowing in
advance the structure and contents of the information
collections one would use. To add insult to injury, the
strict field structure of most databases would not really
be helpful in an Assistive Technology information
collection. Knowing the terms to search for is enough
of a challenge without having to figure out in which
fields to search for them.

Tcxt database as an information retrieval tool
Text database software can answer many of the
information retrieval needs. Such software can search
large volumes of text for words, phrases or boolean
combinations of words or phrases, without regard to
the structure of the records involved. Records from
via modem any database, no matter what its structure,
can be transferred into a text database and searched
successfully; all one has to do is translate any codes
into English, a job that can easily be done by a simple
computer program. Such a text database can include
records that originate in many different databases or
word processing documents -- or, for that matter, in
printed information scanned into files (fact sheets,
printed directories and the like). There is no need for
the records to conform to one fixed structure.

On -line database constraints
A public on -line information system should not place
unnecessary barriers before its users. It should not
demand that callers have any special hardware or
software, or special computer know -how beyond the
basics needed for any remote computing. ft should
assume that callers will probably not have high -end
equipment. At the least, one should be able to access
the system from IBM PC and compatibles, Macintosh
and AppPle II computers. As far as possible, the system
should be designed to be usable with letter and number
keys only, without function or control keys which may
not work properly across communications protocols
and between differing hardware.

Rrmnrr comp, in 8. graphics and adaptive equipment
The need for remote communications prevents the use
of graphics. Even with the best equipment,
transmitting raphics screens via modem makesfor
exasp.ratinp y slow computing. In addition, most
callers would not have the same kind of display
equipment; even within the IBM PC family, callers
might not have VGA display. As a result, a public on-line database should be limited to ASCII text only.

The need for clean ASCII text display and simple letter
and number commands squares neatly with the use of
alternative input and output. People who use adapted
equipment would be able to access the information via
modem from their own computers, which are tailored
to their needs and familiar to them. This would benefit
disabled counselors and service providers as well as
persons calling for their own needs.

DESIGN

Text database software
The text database for our system was selected
according to the following criteria:
t e xt wt y. The ability to handle very large amounts ofthout speed degradation.

Ease of scarchine. Clear, non- cryptic command
structure, with easily modifiable searches; a clear
indication of the number of items found by each
search, so that the caller can choose whether to modify
the search further; the ability to use wildcards.
Ease of use. Clean, predictable text display, without
graphics; ability to run with letter and number keys
only, without function or control keys.
Customization. Modifiable help and menus, thesaurus
and noise -words list.
Data maintenance. The ability to handle information
in varied format -- no requirement for a unified
structure; the ability to add information with little
effort and minimal conversion.
A survey of existing text databases pointed to Zylndex
as a good candidate for our purposes.

Communications software
The communications software had to be able to
accommodate a variety of callers' equipment. In
addition, it had to be able to capture and transmit
correctly direct screen writes which are used by
Zylndex. PcAnywhere running in host mode answered
these criteria. It can be set to start automatically and
reboot the computer between calls for smooth
operation; it can disable Ctrl -C and Ctrl -Break for
security. It can print to the caller's printer. Both
remote and local keyboards can be active, so that long-
distance tutorial sessions can be arranged.

DEVELOPMENT

Data sources
Generous sharing by information centers provided us
with preliminary data for our database. As of January
1992, the database contains information from
Abledata, the Seaside databases the IBM National
Resource Center for Persons with Disabilities, and the
Richmond United Way Human Services database, We
hope and expect to receive information from other
existing databases and to collect local information.

Data conversions
Zylndex handles information in file units. We split the
information we received into small text files, each
containing one record. The first 60 non -space
characters of each file are displayed by Zylndex as a
comment; therefore we made sure the first line of each
record was indicative of its contents -- usually the
product's name or generic name. We converted any
codes to English, and added to each record a note of
where it came from and when. The conversions were
done by computer programs. Once a data conversion
program is written for a particular source of
information, it can be used again with updated
information from the same source.

Modifications a
We modified the Zyln ex menus the noise -words list
and the thesaurus. The on -line help within Zylndex
was modified to suggest search strategies using
Assistive Technology questions as examples. The data
were run through the Zylndex indexing program.
Menus, log files and help screens were created to come
up automatically when users dial into the on -line
computer. Callers can search the database, print
either at their computer or to a file they can download,
and leave messages for the information specialists. We
made the system as clear and easy to use as we could.

State of the system as of January 1992
As of January 1992, the on -line text database is
available to the public on a trial basis. It runs on a
single 386 PC with a 650M hard disk. It contains a
comprehensive collection of data on Assistive
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Technology devices and some information about
services -- over 13,000 records in all. The system can
run unattended and checks its own integrity upon
rebooting between calls. Any erson may call and usethe d ata b as e,  o ne a t  a  t ime.  V,  a s k,  b ut  d o  no t

req uire ,  that  c allers  fill o ut  an o n -line  q ues tio nnaire
up o n lo gging o ff.  T he d at ab as e as  it  s tand s  no w is
alread y us eful to  many,  and  we exp ec t to  keep  ad d ingg
inf o r ma tio n to  i t . By its fo rmal o pening in Marc h 19r12,
the d ata b as e will b e ins talle d  o n a LAN to  p ro vid e
ac c es s  to  s everal  us ers  s imultaneo us ly,  lo c ally o r
thro u gh 8 00 mo d em lin es .  T he d atab as e will  als o  b e
us ed  lo c ally  b y a n info rmatio n s p e c ialis t  ans wering
p ho ne,  mail  and  walk - in q ueries .

Data collecting nrosDcc(s
The pprokct is making several data collection efforts.
T h e m software will be used to collect information
on services on the stale and local levels. Others have
undertaken to collect information on funding streams.
In each case the data will be available to the public
both in their native format and in the on -line database.
We are looking for other information centers that
would be willing to share data with us; areas of
particular interest are demo sites, equipment loan or
rent programs, product comparisons, peer and family
support groups, and user tips-

EVALUATION

Using the on -line database
So r, users seem to find the system intuitive and easy
to use. Callers start out by specifying words or phrases
to search for, with wildcards if desired. Within a few
seconds, Zylndex displays the number of items
(records) that contain the desired words or phrases. If
the number is large, as frequently happens, the user
will probably elect to modify the search until the
number of items found looks reasonable. The caller
then selects to display the information, getting a list of
file names and comments. One can go up and down the
list and select any record of interest for full display.
The words or phrases searched for are highlighted on
the screen, making it easy to see at a glance whether a
record indeed contains the desired information. There
are usually some false hits -- a person looking for van
modifications might get an unrelated item
manufactured at Van Nuys, CA; but such cases are
easy to spot and skip over. The searching i '  " ' a l l y
very interactive, with the callers shifting back and forth
between specifying terms to search for and browsing
the information found. Asa bonus, people are like)y to
encounter items they were not looking for, but which
turn out to interest them very much.

Communications issues
We wanted to create a system that pcople could access
from a variety of software and hardware. As of
January 1992, this objective is partially achieved.
Callers using PcAnywhere /remote have full use of all
features of the database, with good quality display.
Callers with other hardware or software may
experience some display or keyboard difficulties, Lack
of function or control keys is not a problem, as
practically all commands can be given by letter or
number keys. Callers who lack cursor keys may not be
able to view the bottom part of longer records.
Luckily, most records fit on one dispplay screen. The
screen does not always clear properly, which affects
the menus (the information display itself is usually
clear). We are trying to solve these problems in time
for the public announcement of the on -line database in
March 1992. Even in its current state, the on -line
database is usable by callers employing a variety of
hardware and software combinations, and already

contains enough information to make accessing it
desirable.

DISCUSSION

The best way to assure a reliable and comprehensive
coverage of a given area is to have the information
collected by a specialist in that technology, disability,
service or geographic area. Specialists need to collect
such information anyway in the normal course of their
work. Effective information dissemination, however,
calls for the collected information to be available in
many locations rather than one, and as one or a few
bodies of information rather than as many narrow,
super - specialized collections.

Some centrally- coordinated collaborative efforts can
be carried out on the collecting end -- Abledata is a
good example, and we hope the SDD will become
another. By contrast, a text -based database is not
intended for primary information collection. Rather,
it is a tool for combining information collected by
other methods and making it easily searchable.
Making the information available to the public by
modem requires one to develop elatively intuitivesearch methods rather than rely

on the information
specialist's training and skill. It can benefit
information collectors by making their information
widely available with minimal effort on their part. As
in all computer- disseminated information, one needs
to be careful of data ownership, acknowledge the
information sources and collectors, and obtain
permission for any copyrighted material.

Hosting a text -based database as described here does
not cal speciali ed computer equipment. A larger -
than -usual hard disk is desirable but not required. One
could use a single desktop computer, for one user at a
time; the use of a LAN can create simple and
expandable multi -user access. It would be easy to
create identical or similar systems, either to combine
information from diverse sources as in our case), or to
provide alternative access to an of erwise forbidding
database.
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ABSTRACT

In response to Public Law 100407, North Carolina has
developed a statewide assistive technology information
and refen-dl system. This service combines the resources
and expertise of two existing programs to help match
consumers', families' and providers' needs with information
about assistive technology devices and services. A seven -
step process was used to implement the network, the key
feature of which is regional electronic information sharing
and computer data base access. Results to date indicate the
service is being used with positive outcomes and that initial
expectations are being met.

BACKGROUND

The passage of Public Law 100 -407 (the "rech Act") has
necessitated thatstatesdevelopconsumerresponsive systems
for assistive technology services. In order to address their
citizens' information needs, each of the 31 states funded
underTitle I has responded with an information and referral
(I &R) system unique to its own characteristics (social,
economic, geographic and others). Herein North Carolina,
wehave implemented a statewide network forresponding to
assistive technology information requests. This network is
modeled after a similar program in South Carolina called
Access Technology (Trachtman and Wiles, 1989). The key
feature of the North Carolina system is that it uses the
resources and expertise of two existing programs to help
match caller's needs with information about ass istive
technology devices and services. In addition, the network
provides forstatewide electronic database access, a relatively
new feature for I &R systems. This paper will describe the
process of developing and implementing North Carolina's
I &R network, and offer considerations for other states' I &R
system planners.

OBJECTIVES

Initial planning for North Carolina's assistive technology
I &Rsystem took place during January and February, 1991.
Staff from the North Carolina Assistive Technology Project
( NCATP - the state's federally - funded Tech Act program)
developed the following eight system goals:

1. Provide toll-free telephone access to information about
assistive technology products and services for consumers
with disabilities, families, providers and concerned others
throughout North Carolina.
2. Provide reliable, up -to -date information that responds to
the caller's needs and is presented in a format acceptable to
the caller (e.g., over the phone, TDD, hardcopy, braille,
large print, etc.)
3. Provide multiple access points to I &R services and for
varying levels of user sophis tication (e .g. , mediated/
unmediated, call-in, computer dial-up, walk -in, etc.) and
accessibility needs.
4. Avoid duplicationof services by using existing resources
whenever poss ible in the sys tem's set -up and
implementation.
5. Develop a system thatresponds to persons'with disabilities
and other potential users' I &R needs, and which can be

4 . 2

regularly evaluated for its effectiveness in meeting these
needs.
6. Develop a system that can adapt to changing user needs
and new information technologies.
7. Plan for a system that can be financially supported long
term.
8. Maintain contact with assistive technology I &R programs
regionally and nationally and encourage information sharing
so as to stay current with trends in the field.

APPROACH

A seven -step process helped implement the above goals.

1. Establish Collaboration
After evaluating existing I &R resources in the state, we
decided that the system goals could best be met through a
cooperative arrangement with the Family Support Network
ofNorth Carolina (FSN). The FSN is part of the Community
Pediatrics Division in the UNC School of Medicine, Chapel
Hill. It was created to help meet the needs of families with
premature infants orchildrenwith developmental disabilities,
behavioral disorders or chronic illnesses as well as the
professionals who work with them. The FSN now serves
as North Carolina's Central Directory of Resources (CDR)
for Public Law 99-457 (Sharp et. al., 1989). The CDR is a
computerized database thatgives families and professionals
easy access to information about specific disabilities,
services, agencies and other resources for children and
adults with special needs and their families. Recognizing
that the FSN had an existing computerized data base of
services, and that it was already operational and recognized
statewide, the NCATP set up a collaboration with the FSN
to provide assistive technology I &R services.

2. Update Services Taxonomy
The central directory, maintained on a Sun minicomputer
located at the FSN, uses the Infoline taxonomy (Sales, 1991)
to classify services and search the data base. Although
many other state's assistive technology I &R programs were
considering using the taxonomy being developed at the
Trace Center (Vanderheiden, 199 1), we decided to stay with
Infoline. Infoline is a complete human services taxonomy,
and by using it we would also speed up our development
process. We did, however, incorporate Trace's assistive
technology classifications into new Infoline codes. The
latest version of Infoline has in fact been updated to include
these assistive technology classifications.

3. Collect Provider Data
In April, the CDR was updated to include assistive technology
service providers in North Carolina. A cover letter, data
collection instrument, coded checklis t of devices  and
services, and self - addressed stamped return envelop were
mailed to 515 potential technologyproviders. Theseincluded
therapists, rehabilita tion centers, state and community
agencies, and otherspecialized programs. Almost50percent
(256) of the surveys were returned and entered into the data
base. There are currently 22,000 total entries (including
service providers and information resources) in the central
directory.
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4. System Design
North Carolina's  assistive technology I &R network is
designed to utilize the existing resources and expertise of
both the NCATP and the FSN (Figure 1). Primary access w
the network is provided through the FSN's toll-free telephone
number (although many people still call the NCATP directly).
Using the central directory, trained FSN counselors help
identify services and other resources appropriate to the
caller's needs. Most requests (called an encounter) are
answered over the  phone and, if needed, information
materials are mailed out. When a request cannot be answered
by FSN staff, it is  referred electronically to one of the
NCATP's fourregional technology specialists. These staff,
located inGreenville, Raleigh, Winston -Salem and Charlotte,
can each connect via computer and, modem to the FSN's
data base in Chapel Hill. An electronic mail message alerts
the NCATP staff member to follow -up with a technology-
related call from their region. Necessary background
information, such as disability and technology need, is
recalled from the initial encounter in the central directory.
Using comprehensive print and electronic resources, the
NCATP specia lists are better able to respond to more
difficult assistive technology requests. In addition, regional
interdisciplinary teams provide back up technical assistance
to the NCATP staff. The completed encounter is then
logged directly into the central directory and transferred
back to the FSN for record keeping and reporting.

5. Staff Training
NCATP and FSN staff trained each other on their respective
parts of the I &R system. For FSN's  s taff, i t was  an
opportunity to learn more about the  NCATP, assis tive
technology terminology, products and resources. NCATP
staff learned about the FSN, how to log into the central
directory, conduct searches and use electronic mail. We
anticipate ongoing training needs as system changes are
made and new questions arise.

6. Public Awareness
Initially, promotion of the MR service was limited while
development and training were taking place. Both the
NCATP and FSN listed the toll-free telephone number in
their new brochures which are regularly distributed. In
addition, articles were placed in each program's newsletter
and also submitted to other relevant publications across the
state. Staff routinely include information about the new
service in presentations to professional and consumer groups
statewide. We are currently planning for more widespread
promotion as the system becomes fully operational.

7. Reporting and Evaluation
At present, both the NCATP and the FSN record caller
information and generate quarterly reports. In addition,
each program mails out an evaluation form to callers which
asks about their satisfaction with the service and any
comments they may have. We are planning to consolidate
the record keeping, reporting and evaluation functions as
system usage increases and more calls come in directly to
the FSN through their toll-free number.

RESULTS

The NCATP recorded 390technology- related requests from
February through November, 1991. The primary reasons
for contacting the NCATP are shown in Figure 2. Figure 3
shows the  breakdown by caller type. The ass istive
technologies requested by callers are shown in Figure 4.
The majority of the  NCATP's  calls are  for product
information (251 requests), followed by general project
information (77), consultatior/techncal assistance (75),
referral to other resources (69), funding assistance (69) and
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Access Methods: call -in, TDD,
n

output Pmmau: phooa, TDD,
amtpute, dial -up. walk -m, —it hardmpy, Mille, large print
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specific assessment /recommendations (61). The
collaboration with the FSN officially beganinJuly. Through
September, the FSN received 56 technology - related calls.
This was approximately 10 percent of their total number of
calls (549). Of these 56 calls, between 15 and 20 were
referred to the NCATP's regional staff forfurtherassistance.
Forty eight percent of the FSN's total number of callers
were professionals and almost 40 percent parents or other
family members. These figures closely match the NCATP's
caller profile (see Figure 3).

DISCUSSION

We have found many benefits in the approach described
above forestablishing a statewide assistive technology I &R
service. First, by combining the resources of two existing
programs, we were able  t o expe dite  t he  sys tem's
development. This included notonly the physical resources,
such as a computerized data base, service taxonomy and
toll-free number, but the two programs' respective expertise
as well. Second, the electronic, computerized network
linking the  NCATP's regional offices  with the  FSN
represents a new and exciting feature for MR systems.
Through this network, staff can communicate electronically;
but more significantly, each program has simultaneous
access to the data base. This allows for multiple points of
information retrieval as  well as entering new data and
updating existing records. Thus, regional staff can enter
data for new local providers they have identified, and this
information immediately becomes available to the FSN and
all other regional offices. We feel that this aspect of North
Carolina's system truly captures some of the advantages

68 RESNA International '92 • June 6 -11, 1992



NORTH CAROLINA'S I &R NETWORK

Reason for  Refer ral

■ 189 6-.939
® Iecn. asst 19.3E
® Demo 5.79
t7 U/Tram 45%
® Tecb. Servs. 3.49
fa other 1.69
■ Not Reported I .69

Figure 2

Breakdown by  Caller

■ Professional 47 39
in Consumer /User 25 7S
® Farnlly /Friend 20 89
f7 Not Reported 39%
■ other 2 3%

Figure 3

offered by today's information technologies. Finally, the
current system design provides flexibility for growth and
expansion as new needs emerge. We are already considering
adding an electronic bulletin board onto the network for
further information sharing, especially among consumers
and families.

This developmentproject has not been without its challenges,
however. As always, data collection remains a major
undertaking for I &R systems, both initially and forupdates.
Significant commitment of staff time and other resources is
essential to ensure reliable, up-to -date information in the
data base. Although we feel confident with our initial data
collection effort, we realize that many assistive technology
providers were likely missed and that continuous updates
willbeneeded. Second, the logistics of setting up electronic
connections to the NCATP's regional offices has also been
challenging. Ordering computerhardware, installing phone
lines and providing staff training all took slightly longer
than expected. In addition, the FSN made a major upgrade
to both its hardware and software during this period which
caused a delay in bringing NCATP staff on -line. However,
these needed upgrades will help overall system performance
and provide for future expansion as described above. Third,
publicity and promotion represent a catch -22 fornew systems
like ours. While wanting to let people know about the
service, you still don't want to overload newly trained staff
who are using limited data. We have used existing channels
to reach audiences already familiar with our programs, and
we hope to soon expand our promotion efforts to include
other potential users we are still consolidating the
data collection, reporting and evaluation systems initially
mainta ined by the two respective  programs. When
completed, we hope to have only one, computerized record
keeping system. This will provideuswith quick and accurate
analysis of relevant caller data.

Ty pes or Tec hnology  Needs

■

Cprrmmcatlon 28 49
O CDMDUter ACC 24.69
■

EtwlrorManal ACC. 15.79
E3 Mobility 14.09

®

Dally Llving 12.09
O SeoAlng/PoShtQn 2.99
■ Retreatlm

2.49

Figure 4

Overall, we feel this project has successfully met our initial
goals. Although relatively new, the system provides a solid
foundation for delivering quality assistive technology I&R
services in North Carolina. In addition, by taking advantage
of current trends in information technology, expansion to
meet future consumer needs should be readily achievable.
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The University at Buffalo Rehabilitation Engineering Center 's Consumer Assessments Project
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University at Buffalo - SUNY

ABS TRACT

The Center fo r Therap eutic App lications of T ec hnology at
the University at Buffalo , in co llab oration with other major
university based centers, professional associations, and
New Yo rk State agenc ies ,  init iated work o n S eptemb er 1,
1991 on the NIDRR funded Rehabilitation Engin eering
Center (RECD on Assistive Techn ology and En vironmental
Infervetclions for Older Persons w ith Disabilities. The lead
researc h pro ject  fo r the REC is  a need s ass es s ment stud y
called  the Con su n er Assessmen ts Project . This  p ro ject
provides  info rmation ab o ut p ers o ns  o ver 60 years  o f age,
on the nature of their d is ab ilt ies,  as sist ive d evice use, their
living environments  and  so cial sup port systems, and quality
of life ind ic ato rs . This  pap er p rovides  an analys is  of the
res ults  o f the firs t 200 s ub jec ts  interviewed  in the Co n-
sumer Assessments Project.

BACKGROUND

Current information regard ing the effec tive delivery of
assis tive technology and enviro nmental interventions to
older p erso ns with disab ilit ies  is insufficient. What are the
major dis ab ilities of old er persons? What functional
deficits comprise these disab ilities? What "hand ic ap s"  re-
sult fro m b arriers in perso n / environment interactions?
How do  older perso ns compensate for dis abilit ies  in differ-
ent environments? The Co ns umer Assessments Project
sys tematically explores the interactio ns between older per-
sons, their enviro nments  and  as s ist ive tec hno logy. This
background section exp lores the c urrent state of knowledge
on the elderly and  its relat ion to the Consumer Asses sments
Pro jec t  in the follo wing areas : (1) dis ability;  (2) enviro n-
mental interventions; (3) assistive techno logy; (4) well
being and  quality of life and  (4) care giver factors.

Disab ility:
T here have b een s everal national surveys over the p as t
decade examining limitations in the activities of daily
living (ADLs ) o f the eld erly . Thes e includ e: National
Lo ng T erm Care Survey (1982 and 1984);  National Health
Interview Survey (1984); Lo ngitud inal S tud ies  o f Aging
(1984 -86); National Nursing Ho me Survey (1985);
National Med ic al Exp enditure Survey (1987). These
stud ies have demons trated that  somewhere b etween 5 and 8
percent of pers ons o ver 65 years  o f age require ass istance
with at  least one ADL. For institutionalized  older persons,
over 90 p erc ent require ass istanc e with at least  one ADL.
The two  mos t frequent limitations o cc ur with b athing and
dress ing.

Enviro nmental Interventions
Both quality of life and  health vary with the typ e, location,
and  co nditio n o f hous ing and the degree o f age segregation

in the immediate neighbo rhoo d . 1 The level o f enviro n-

mental st imulatio n and  challenge in the "micro- environ-
ment"  c ontrib utes  d irectly to phys ic al and mental health.2

The design of the micro- environment (homes, rooms,
spaces, corridor systems, etc.) affects the pattern and
maintenanc e of social behavior.3 The micro- environment

has a direc t imp ac t on independenc e in ac tivit ies o f daily
living and also on sec urity and  safety. 4 The phys ical envi-

ro nment has b een rec o gnized  b o th as  a majo r o b jec t  o f
effec tive behavior and als o  as a s truc ture within whic h
control and auto nomy c an be realized.5 Three general o b-

servatio ns c an b e mad e ab o ut the res earc h o n aging and
enviro nment that p ertain to the go als o f the Consumer
Assessments Project. First , without some und erstanding of
an ind ividual's environment, it is diffic ult to know if
changes in func tional ab ility are the result of actual changes
in health status o r changes to  the environment. Second, the
spatial behavio r of old er peop le can tell us much ab out how
successful a person has been in achieving control and
autono my. Third, housing and  neighbo rhoo d co nd it io ns
mus t b e examined as contributors to functional ability and
life satisfaction. These observations are operationalized in
the Co ns umer Ass ess ments  Project  by c ollec ting d ata and
examining researc h q ues tio ns related  to  two s ets  o f vari-
ables: 1) the degree to which the living arrangements and
neighborhood restrict the activities  of older peo ple, 3) the
degree to  whic h ind ivid uals  us e and  manip ulate the envi-
ronment.

Fact o f As sist ive T ec hnology o n Older Pers ons
There have b een very few rep orted stud ies o f the current
use o f, or need  fo r, assistive d evices  by eld erly perso ns.
Lab uda in his rec ent review states :" At this time, there is
no empiric evidence that technology intervention will either
reduce health  care costs or allow  a person to mainta in in-
dependence for extended periods of time while reducing the
need for human  interven tion .... Given the ch anging  demo

I Corp. F. (1987). The impact of planned housing. In V. Regnier

& J. Pynoos (Eds). Housing the aged. NY: Eisever.

21-awton, M. P. & Nehemow, L (1973). Ecology and the aging

process. In C. Eisdorfer, & M. P. Lawton (Eds.). Psychology of
adult development and aging. Washington, DC: APA.

3Lawton, M. P. (1978). Sensory deprivation and the effect of

the environment on the management of the Senile Dementia
patient. Paper presented NIMH conference on clinical aspects of
Alzheimer's, Disease and Senile Dementia, Bethesda, MD.

4Steinfeld, E. (1987). Adapting housing for older disabled people.

In V. Regnier & J. Pynoos (Eds]. Housing the aged. NY: Eisever.

SSteinfeld, E. (1981). The meaning of housing for old people. In

J. Duncan (Ed.). Housing and Identity. London_ Croom Helm
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graphics, and the social and economic demands for health
care for the elderly toda y, not in the future, this is an area
which warrants further serious investigation. '6

A surp risingly large numb er of d evic es  p res crib ed  d uring
inpatient and outpatient rehabilitation are found in the
clo set , not being us ed,  months and  years later. Page et al
repo rt that o f 500 p eop le with as sis tive d evic es,  50% were
not used. One majo r interpretation o f this ob servation is
basically that the patient has not found the device to be use -
ful.7 There c an b e several reaso ns fo r no n us e. Firs t,  a

device may have o utgrown its us efulness b ecause it served
a training func tio n; the as sis ted  function has b een resto red
sufficiently to  no lo nger need the device. Second, the
patient  was no t adeq uately trained in us e o f the d evice and
he or she gives  up  trying. Third , the d evic e does no t do
the job and /or the effort to  use it  is too  great. Fourth, de-
vices are sometimes cosmetically offensive for some
people; they refuse to  use them.

Well Being and Ouality o f Life
Meas ures o f well being and quality of life of older p ers ons
with d is abilit ies  are relevant, in s everal ways, to  und er-
stand ing the co ping process and the impact of assistive de-
vices. First,  well -being facto rs may be important mod erat-
ing factors that can affec t the rate o f rehab ilitation, the use
of and the des ire fo r as sis tive devic es. Kemp lists several
psycho- social factors that  are p redic tive of rehab ilitat ive
effectiveness: motivation, inc lud ing s ense of ac hievement
and  mastery,  co gnit ive ability, dep res s ion,  and  having a
soc ial suppo rt network.8 Although there is a s carc ity of

data on ho w c o gnition affec ts the rehab ilitat io n p roc ess ,
some stud ies  s uggest that  c ognit ive disab ility makes  reha-
bilitation les s efficient.9 Measuring well -b eing variables

allows the id entification o f po tentially impo rtant mo derat-
ing variables  whic h can enhance o r retard  the use of, and
effectiveness of, assistive devices among older persons with
disab ilit ies.

Quality o f life measures  and  well being measures  o f b oth
the old er person and care giver can also be powerful
add itional o utc ome indic ato rs for evaluations  of rehab ilita-
tion or assis tive technolo gy interventions. It wo uld  b e ex-
pected that as ind ivid uals increase their ability they would
have enhanced feelings of auto nomy and co ntro l, life satis-

6Labuda, D. (1990). Impact of Technology on Geriatric

Rehabilitation. B. Kemp at of (Eds.) Geriatric Rehabilitation, NY:
Little Brown

7Page, M. at of (1980). The problems of the selection, provision,

and use of aids. In J. Bray, & S. Wright (Eds). The use of
technology in the care of the elderly and the disabled. Westport,
CT: Greenwood.

8Kemp (1990). op. sit

9Kemp (1990). op. sit

fac tio n, and  s elf es teem. 10 Care givers,  who  would have

less  c are giving burden,  would have enhanc ed  well b eing,
altho ugh it is  unc lear if  p s yc hiatric  s ynd ro mes  and mo r-
bid it ies  wo uld  nec es s arily imp ro ve. ' I An add ed  b enefit

based  o n the wo rk of P ruc hne is  that  with less  c are giver
burden and  t ime s pent as sist ing with ADLs the ris k for in-
st itutio nalizing the o ld er p erso n with d is ab ilit ies wo uld be
reduced. 12 The Co nsumer Assessments Pro jec t measures

several as pects  of q uality of life and well b eing.

Care Giver F actors
The c urrent literature o n c are giving stress and burden

sugges ts that ass es sment of disab led  o lder p ers ons s hould
inc lud e as s ess ment o f the p rimary c are giv er (who fre-
quently als o is eld erly and disab led ). Studies  sugges t care
giver stress and feelings of burden can predict
institutio nalization of dis ab led  ad ults . 13 Kemp believes

that the care givers faulty expectations and negative
att itud es to ward the older person with disabilities  c an
impede their rehabilitation. 14 The number of ADLs

pred ict  the d esire to ins titutionalize d isabled o lder p ers ons
res id ing in the c o mmunity. lS The extent o f c are giver

invo lvement and  care giver s tres s c an id entify imp o rtant
ris k facto rs fo r the ins titutionalizatio n o f dis abled older
persons. Care givers who are s tress ed  are also at  risk not
o nly fo r red uc tio n in th eir q uality  o f life b ut  als o  their
phys ical health and psyc hiatric status. 16 Thus , changes in

the func tio ning o f d is ab led  old er perso ns b y the us e o f
as s is t ive d evic es  can have a d irect  effec t: on the p erson
with a dis ability and  an ind irec t  effec t  o n the c are giver,
whose care giving burden is red uced.

RES EARCH FOCUS

The purpose of this Consumer Assessments Project
is to determine unmet and unknown need s of older pers ons
for ass istive technology and  enviro nmental interventions.

toKemp (1990). op. sit

11Schulz, R. at al (1990). Psychiatric and physical morbidity

effects of caregiving. Journal of Gerontology, 45, P181 -91.

12Pruchno, R., Micholes, J. , & Potashnik, S. (1990). Predictors
of institutionalization among Alzheimer's Disease victims with
caregiver spouses. Journal of Gerontology, 45, 5259 -66.

13 Zarit, S. Todd, P. & Zarit, J. (1986). Subjective burden of

husbands and wives as caregivers: A longitudinal study.
Gerontologist, 26, 260 -66.

14Kemp (1990), op cit

15Pruchno, Michales & Potashnik, (1990) op, cit.

16Pearlin, Mullen, Semple, & Skaff (1990). Caregiving and the

stress process: An overview of concepts and their measures.
Gerontologist, 30, 853.94.
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Co ns umer As ses sments P ro jec t

This project  will:

1. Id entify s pec ial gro up s  o f o ld er p ers o ns  with
major d is ab ilit ies, determine their needs  for and  use
of assis tive devic es and environmental interventio ns.

2. Develop  a co ns umer as sess ment instrument that
will co mb ine exis ting and new kno wled ge on
functional limitations , us e o f ass ist ive d evices  and
environmental fac to rs fro m rehab ilitat io n,  medic ine
and  related  field s.

3. Maintain the REC s amp le of old er pers o ns  and
their care givers (c onsumer panels ) who will be
followed lo ngitudinally to assess their changing
need s o ver time.

4. Generate function, performanc e and environ-
mental req uirements for assis tive device
modification and develo pment in related REC
projects, and evaluate marketing s trategies for the
REC Dis seminatio n & Utilization P ro grams.

5. Pro vide informatio n on the priorities  of enviro n-
mental des ign res earch.

MET HOD

Study S ites and Populations
Co ns umers  have been (and  co ntinue to be) rec ruited  fro m
acros s the levels o f care, ranging from hosp ital d isc harged
patients  to community b ased  and institutio nalized  old er p er-
sons. Subjects  are referred from (1) dis charged rehab ilita-
tio n patient lists o f five area ho spitals;  (2) co ntrac t organi-
zatio ns  of the Office fo r Aging s erving ho me based eld erly
perso ns ; (3) Veterans  Administrat io n Ho me Based Med ic al
Care Pro gram; (4) Alzheimers Dis eas e Ass istanc e Center;
(5) New Yo rk S tate (NYS ) Co mmis sio n fo r the Blind  and
Visually Hand icap ped; (6) the Center for Therapeutic
Ap plic atio ns of T ec hno lo gy; (7) the NYS  Office o f Vo ca-
tio nal and  Ed uc atio nal S ervic es fo r Ind ivid uals  with Dis -
ahilities ; (8) the NYS Offic e o f Mental Retardatio n and
Develo pmental Dis abilit ies ; and  (8) three skilled nursing
facilities.

Data Collection

Sub jec ts  are interviewed  in their res id enc e. A full t ime
researc h as soc iate co nduc ts thes e interviews following a 47
page s tructured  interview form. The following info rmation
is  c ollected : demographic s, phys ic al health, ac tivities o f
daily living, func tio nal status us ing. the Functional
Independ ence Measure (F IM), mental status using the
Mini - Mental Status  Examination and  the CES D Depres sion
Scale, s elf esteem using the Ros enberg S elf - Es teem Scale,
locus o f c o ntro l using the Respons ibility Scale, social
res ources,  co mmunicatio n, us e of s up p ortive d evices and

pros theses , us e o f assistive d evices,  type and  condit ion of
interior (home or institution) and exterior (yard,
neighb orho od ,  c o mmunity) living area. The interviewer
also walks through the living area and rates the c ondition of
the d welling. When there  is  a  c are  give r,  he  o r s he is
interviewed  us ing the Zarit  Care Giver Burden S c ale and
the Shanas  Health Self Rep ort. The Co ns umer Interview
takes ap pro ximately two and o ne half hours , and  the c are
giver interview takes an add itional half ho ur.

RES ULT S AND DISCUSSION

The Co nsumer Assessments Pro ject will b e conducted  over
a five year perio d. In Year 1,  600 subjects will be inter-
viewed. This paper will pres ent an analysis  and discussion
of the res ults  o f the firs t  200 interviews . This inc lud es
three major group s of individuals: (1) p ersons with severe
visual imp airments; (2) persons (and caregivers) with
Alzheimers Diseas e,  and (3) pers ons receiving s ervices in
their homes through the Office for Aging s ervice system.

This  rep ort  will be p rimarily des c riptive,  and  will make
recommend ations fo r areas o f as sistive d evic e develop ment
and modific atio n, and for enviro nmental interventions
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5.2

THE APPLICATION OF ASSISTIVE TECHNOLOGY FOR THE INSTITUTIONALIZED ELDERLY

Carol A. Sheredos, P.T., Director,
Meridian Rehabilitation Services and

Abstract

A major challenge for today's
health care industry is the
provision of opportunities for
the elderly, including those
who are in institutions, to
achieve their maximum possible
quality of life. This should
include state -of- the -art
technological assistance and
environmental adaptations.
Ageism and funding issues
will also be discussed.

Introduction

It should come as no surprise that
America is getting old. Medical
advances in this century have
resulted in a ten -fold increase
in the numbers of those persons
who are over the age of 65, from
3.1 million in 1900 to over 31
million in 1989. By the year
20so, these numbers are expected
to increase to 66 million, or
21.8 % of all Americans. The
fastest growing segment of the
entire U.S. population is the
group over the age of 85, an
age which, even ten years ago,
would have been rarely reached.
Unfortunately, however, as age
increases, so does the probability
of pathological conditions and
age - related disorders. Many
older persons experience multiple
disorders and physiological
"system failure ", resulting in
some loss or decrease in
functional abilities. This loss
of functioning is often manifest
in an inability to maintain
independence in activities of
daily living (ADL's), such as
grooming, dressing, mobility,
toileting, and feeding. Many
of these persons are no longer
able to function at home or in
the community and are then
admitted to nursing homes. The
number of elderly in nursing
homes is not insignificant:
approximately five percent,
or 1.5 million, are
institutionalized for care

Lu Marletta, R.N., B.S., President
Emerging Lifestyles, Inc.
Baltimore, Maryland USA

in nursing homes, at any one
time. The proportional
percentage of institutionalized
elderly increases with age, to
22 % of those persons over
85 years.
Nursing homes have historically
been seen as "warehouses" for the
elderly, even though more
recently many admissions are
relatively short term for
convalescence and /or
rehabilitation. The emphasis on
rehabilitation, physical therapy
in particular, has become part of
routine long -term care only within
the past ten years. Recent
legislation (the Omnibus Budget
Reconciliation Act of 1990) has
brought attention to the need
for restoration of maximum
function to each and every
resident; society, however, lags
behind in its acceptance of these
facilities as a center for such
routine rehabilitation methods
as encouragement in
independent performance of
ADL's and therefore the use
of technology. Ageism has
stunted the growth of assistive
technology in the institutional
setting.

State of the Art

The term "assistive technology"
refers to the use of devices
and equipment, or modification
of such, to provide help to
someone with a disability,
or some difficulty in
performing a task. Assistive
technology is accepted practice
in the rehabilitation
armamentarium. Assistive
technology may be either
"Hi- tech" (such as robotics
and computers) or "Low- tech"
(such as walkers and adapted
eating utensils). In any
case, they are meant to allow
an individual to manage his/
her daily activities or living
environment in order to remain
as independent as possible.
Many elderly persons in the
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community are users of
assistive technology, perhaps
without knowing so: hearing aids,
eyeglasses, canes, telephone
amplifiers, grab bars in the
bathroom, and long - handled
reachers, for example.

Assistive technology has found
its way into the nursing home,
to some extent: walkers, canes,
wheelchairs, Geri - chairs,
commodes and raised toilet seats,
grab bars, patient lifts, and
shower chairs are common. Often,
however, the lack of adequate and
safe equipment, the availability
of such devices, and /or the lack
of knowledge as to the appropriate
prescription and use of adaptive
devices results in ineffective or
abandoned attempts to use ANY such
devices. Additionally, false
beliefs that institutionalized
elderly are not able to learn to
use, or do not have a life span
long enough to warrant using,
assistive devices, will only
serve to stall efforts toward
more extensive application of
technology in these settings.

Funding for assistive technology
in the nursing home is a major
obstacle. Medicare will
reimburse only on a very
limited basis and only for those
devices which are deemed
"medically necessary "; state
medical assistance programs will
reimburse on a pre- approved basis
only, a process which may take
several months; facilities are
faced with federal and state
budget constraints and are
reluctant to pour money into
technological solutions (which
may prove costly); families are
also usually faced with their
own financial constraints,
including the high costs of
nursing home care itself.
Few third -party payors allow
for reimbursement of adaptive
devices and other technological
solutions. Vocational Rehab is
not a usual resource, as most
nursing home residents are long
retired and not vocational
candidates. Some adaptive
devices, modifications to
environment or equipment, and
other technology used to increase
independent functioning, may fall

under the services of Occupational
or Physical Therapy and can be
reimbursed under those disciplines
(such as wheelchair seating
solutions). In general, the
clinician who recommends a
technological intervention in
restoring function to the
institutionalized elderly MUST
look into all possible resources,
as no one funding source is
appropriate in all circumstances.

Directions for the Future

Progress has been made in
society's treatment of the
nursing home resident: There
is increased focus on
rehabilitative services in order
to assist the resident in
regaining maximum functional
independence; emphasis on
patient rights preserves precious
dignity so often lost in an
institution; improved methods of
care planning and supervision of
care help to ensure positive
outcomes. But the stigma of the
nursing home and stereotypes of
the older person persist. If
assistive technology is accepted
as "standard operating procedure"
for other disabilities, why not
for the elderly person in the
nursing home who is struggling
to hold onto as much independence
as possible?

Suggestions for technological
applications in the nursing home
setting may include:
- Lighter materials in the

construction of walkers, canes,
orthotics, prosthetics, and shoes

- Improved devices for reaching,
picking up, holding

- Improved wheelchair controls;
appropriate wheelchair
prescription

- Wheelchair seating and
Positioning; improved Geri- chairs

- Functional furniture
- Adapted clothing, eating

utensils, and self -care devices
- Environmental controls
- Low - vision aids, audio books,

better lighting
- Communication devices; longer -

life batteries for hearing aids
- Balance aids; fall warning

devices
- Memory aids
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T E C H N O L O G Y  I N  N U R S I N G  H O M E S

T h i s  l i s t  i s  b y  n o  m e a n s
e x h a u s t i v e ,  b u t  i t  i n c l u d e s  m a n y
d e v i c e s  c o m m o n l y  u s e d  f o r  o t h e r
d i s a b i l i t i e s . R a r e l y  a r e  t h e y
s e e n ,  o r  e v e n  s u g g e s t e d ,  i n  t h e
n u r s i n g  h o m e  s e t t i n g . E x p e r i e n c e
w i t h  t e c h n o l o g i c a l  s o l u t i o n s  f o r
t h e  i n s t i t u t i o n a l i z e d  e l d e r l y  h a s
d e m o n s t r a t e d  p r o f o u n d l y  s u c c e s s f u l
o u t c o m e s ,  s i g n i f i c a n t l y  i m p r o v i n g
t h e  q u a l i t y  o f  l i f e  o f  t h e  n u r s i n g
h o m e  r e s i d e n t . M a n y  i m p r o v e
f u n c t i o n a l  i n d e p e n d e n c e  e n o u g h  t o
r e t u r n  t o  t h e  c o m m u n i t y .

S u m m a r y

A s  a  s o c i e t y ,  w e  a r e  c o n f r o n t e d
w i t h  i n c r e a s i n g  n u m b e r s  o f  o l d e r
A m e r i c a n s ,  m a n y  o f  w h o m  a r e
i n s t i t u t i o n a l i z e d  i n  n u r s i n g  h o m e s
d u e  t o  s i g n i f i c a n t  l o s s e s  i n
fu n c t i o n a l  a b i l i t y . T e c h n o l o g y
h a s  d e v e l o p e d  r a p i d l y ,  a n d
t e c h n o l o g i c a l  i n t e r v e n t i o n s  i n
r e s t o r i n g  o r  a i d i n g  i n d e p e n d e n t
f u n c t i o n i n g  h a v e  b e c o m e  s t a n d a r d
in  t h e  r e h a b i l i t a t i o n  o f  p e r s o n s
wi t h  d i s a b i l i t i e s . Un f o r t u n a t e l y ,
t h e s e  p r i n c i p l e s  a r e  n o t  b e i n g
a p p l i e d  f o r  t h o s e  e l d e r l y  i n
n u r s i n g  h o m e s  w h o  w o u l d  b e n e f i t
fr o m  s u c h  a p p l i c a t i o n s . A s
t e c h n o l o g y  i n c r e a s e s ,  s o  t o o  m u s t
e d u c a t i o n  t o  p o l i c y m a k e r s ,  s e r v i c e
p r o v i d e r s ,  r e s e a r c h e r s ,
care - givers, case managers,
th ir d - pa rt y p ay or s , an d t o th e
e l d e r l y  t h e m s e l v e s .  E s t a b l i s h e d
r e h a b i l i t a t i o n  i n t e r v e n t i o n s  a r e
a p p l i c a b l e  t o  a l l  w i t h  d i f f i c u l t y
in  p e r f o r m i n g  t a s k s  ( d i s a b i l i t y ) ;
t h i s  s h o u l d  n o t  e x c l u d e  t h e
a p p l i c a t i o n  o f  a s s i s t i v e
t e c h n o l o g y  t o  t h o s e  w h o  s e e k  c a r e
in  n u r s i ng  h o m e s .

R e f e r e n c e s
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2. C u p o ,  M . ,  L y l e s ,  M . ,  &
Mu n d a y ,  J . : Pi l o t  S t u d y :
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6. N a t i o n a l  I n s t i t u t e  o n  A g i n g :
S p e c i a l  R e p o r t  o n  A g i n g ,  1 9 9 1 .
Na t i o n a l  I n s t i t u t e s  o f  H e a l t h .
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8. Sh u p i n g ,  M . B . ,  F l e m i n g ,  J . ,
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A VIDEO OBSERVATIONAL DETECTION SYSTEM TO CAPTURE FALL AND NEAR FALL INCIDENTS AMONG

ELDERLY NURSING HOME RESIDENTS

Roger D. Bodenheimer, Bettye Rose Connell, Steve H. Fazenbaker, Eliece G. Gifford

Rehabilita tion Research and Development Center, VA Medical Center - Atlanta

ABSTRACT

A video tape observational methodology and
modified ultrasonic intrus ion alarm system
were dev elo ped to s tudy the role of
envi ro nmenta l and behavioral factors in
naturally-  occu rring falls and near fa lls
amo ng elde rly nu rs ing ho me res idents .
Env i r o nme nt a l and be hav i ora l fa ct or s
cons titute the situation in which falls occur
and are not well studied. We are utilizing
falls incidents which would occur whether
or not the study was being conducted, no
falls are being induced. The use of video
technology and observational methodology
allow a comparison of the rela tive accuracy
of primary data on fall events (video
records) with post - incident self report data
( f a l t e r s ' ve rb a l r e c o ns t r u c t i o ns ) and
secondary data (fa lls incident reports).

BACKGROUND

The obse rva tio nal detection sys tem was
developed to collect primary data in the
Merit Review funded research project titled
" Env i ro nme nt a l and Be ha vi oral Fact ors
Among The Elderly. " The problem of falls
among older people is the major focus of the
study. Previous falls research has focused
on the faller ra ther than the situations or
circumstances in which falls occur. This
has resulted in a limited unders tanding of
the various causes of older people 's falls. In
addition, previous falls research has been
characterized by the use of self - reported
recons tructions and secondary data sources
such as nurs ing home falls incident reports.

The observati onal detection sys tem uses
mo d i f i e d ul t r a s o ni c int ru s i o n al a rms ,
cha rged co up le device (CCD) camera s ,
surveillance video casette recorders (VCRs),
and an i nf r a r e d l i g h t i n g s y s t e m.
Int egra ti ng video and ultrasonic intrus ion
alarms produced a sys tem that could detect
and document naturally occurring fall and
near -fall events among the ins titutionalized
older parti c ipa nts . Partic ipants in this
study were res idents of the Atlanta VA
Medical Center Nurs ing Home Care Unit. All
were volunteers , and all exhibited normal
c o gni t i v e ab i li t ie s , amb ul a te d wi thou t
wheelchairs, and have a history of fa lling.

RESEARCH QUESTIONS

Some of the key research ques tions that
need to be examined concerning falls are:

1. Do visual and acoustic dis tractions divert
a tt enti on from mob ili ty and balance -
ma i nt a i ni ng ac t i v it i e s ( s t a nd i ng up,
walking) and /or objects and environmental
conditions which are potential trip and slip
hazards (chair leg, damp floor)? Are the
dis tractions associated with potentia lly
hazardous body movements such as rapid
head ro ta ti on? Do such di s t ra c ti ons
dis tinguish fall and near fall events from
nonfat] events?

2. What activities are associated with falls?
Are there dif fer enc es in the activity
sequences which precede falls and near
fa lls , and those which precede nonfall
events? What are the apparent interactions
of t he s e a c t i v i t y s e q u e nc e s and
architectural / environme ntal conditions?

3. What are the roles of architectural factors
and ambient conditions , such as spatia l
des ign, flooring materia ls and glare, in fall
and near fall events?

4. Do the actions of those helping the older
people to stand, walk, rise from a chair, etc.
(tr a ined s t af f, unt ra i ne d fri ends and
relatives) contribute to fall and near fall
e v e nt s ?

5. Are primary falls data (video data) more
complete and more accurate than self -
report (fa lters ' verbal recons tructions) and
secondary falls data (fa ll  incident reports)?

Also, few studies have examined the broader
social context in which falls occur. For
example , what other people were present,
what were they doing, and could they have
helped prevent the fall if they had proper
t r a i n i ng .

The observa tional detection sys tem was
developed to facilita te the inves tigation of
falls and their prevention.
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METHOD

A sys tem composed of two strategically
placed CCD cameras , a modified ultrasonic
intrus ion alarm, and infrared lighti ng
c o mp o ne nt s was ins t a l l e d in ea ch
p a r t i c i p a nt ' s ro o m. T he sy s te m
continuous ly monitored and recorded the
parti c ipa nts ' mo v eme nt s in their room.
Thus it was able to capture fall and near -fall
events for later analysis. The study did not
have to rely on artificially induced falls or
post hoc data.

Video cameras were mounted in the ceiling
and positioned to capture all movement in a
par tic ip ant 's room. The fie ld of view
included both sides of the bed and all
available floor space. No recording was
done in the bathroom areas in order to
protect the partic ipants ' privacy. Since the
CCD camera has the capability of picking up
infrared light, the infrared lighting sys tem
ins talled in each room permitted recording
at night. Cables linked each camera to a
central location in the nurs ing home which
co nta i ne d su rv e i ll a nc e VCRs and a
monitoring system for camera viewing.

The ultrasonic intrus ion alarm consis ts of a
tra ns mi tt er and rece iver of ult ra sonic
waves. The transmitter projects a cone -
shaped pattern of ultrasonic sound, and the
receiver "listens" for echoes produced by a
person's movement in the room. When the
receiver detects movement in the cone -
shaped pattern of ultrasonic sound, it
activates an alarm (contact closure switch)
at the alarm input terminal of the
surveillance VCR. The surveillance VCRs
are set -up in the time lapse mode where the
pictures are recorded on a field -by -field
bas is ( f a c i l i t a t i ng l o ng pe r io d s of
recording). Once the VCR alarm input
terminal detects an alarm, the VCR switches
from time lapse mode into real time
recording mode. The VCR continues to
record as long as the ultrasonic intrus ion
alarm in the parti c ipa nt 's room detects
mo t io n.

When the ultrasonic intrus ion alarm unit
no l o n ge r d e t e c t s mo v e m e n t , the
surveillance VCR concludes the real time
recording after an additional thirty seconds.
Thus it returns to the time lapse mode of
operation. This feature limits the length of
tape to be reviewed in the analysis part of
the study.

DISCUSSION

The video recording surveillance sys tem
described in this paper allows behavioral
re se archer s to id enti fy and class ify
naturally oc c ur r ing fall and near -fa ll
inci de nt s amo ng old er nu r s i ng ho me
residents. The sys tem permits unobtrusive
observation and recording of these fall,
near -fall and non -fall events as they occur.
Thus it provides a research basis for the
d e v e l o p m e n t a nd e v a l u a t i o n of
int e rv e nt i o ns ad d re ss i ng env i ro nme nt a l
and behavioral contributions to falls in the
ol d e r p o p u l a t i o n. The typ es of
interventions which might prove effective
include: building des ign guidelines ; facility
m a i n t e n a n c e p r o c e d u r e s ; t r a i n i n g
programs to reduce hazardous behaviors ,
and proper staff tra ining. The long -term
objective of this study is to use the research
to des ign and evaluate interventions which
help reduce the occurrence of falls among
the elderly.
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5.4 Design Features of Medication Organizers and Dispensers:

Evaluation by Older Adults

Paula Guerette & Richard Nakai
Research & Training Center on Aging
Rancho Los Amigos Medical Center

Downey, California

ABSTRACT

Due to common physical and psychological changes which
can occur with age, many older adults experience
"polypharmacy," the concomitant use of multiple medications.
Motivational, cognitive, and sensory -motor factors all
contribute to a lack of consistency in medication - taking in
this population. To improve consistency, various methods
have been investigated including a reduction in the
complexity of drug regimens, patient education regarding
illness, importance of drug therapy, side effects of drug
therapy, and the use of physical aids. Although physical aids
have contributed to more consistent medication- taking, it is
often difficult to determine which aids are appropriate for
older populations since there are many different products on
the market. As such, there is an apparent need to examine
and compare these products to determine appropriate design
features for older adults, especially those with functional
limitations. If products are designed with more capabilities
of older adults in mind, this may lead to greater ease of use,
reliability and acceptance of physical aids, and thus, may lead
to greater consistency in medication- taking.

BACKGROUND

As individuals age, they tend to  become more
vulnerable to illness and disease, and thus,
exp er ien ce the difficult situa tion of
"polypharmacy." In fact, in a study of 244
individuals over the age of 60 years, (cited in
Nambudiri & Shamoian,1986), Chien et al. found
that 83% of individuals were taking two or more
medications. Since many medications require
multiple doses per day, this can result in a
complicated medication regimen.

Consistency in medication- taking has become a
major health  problem, especially  among older
adults. Research indicates that noncompliance
rates can be as high as 93 %, with an average rate
of 40% (Eraker, Kirscht & Becker, 1984;
Greenberg, 1984; Sackett, Haynes, & Tugwell,
1985). Numerous research studies have directly
associated medication noncompliance with poorer
treatment outcomes for such conditions as
diabetes, epilepsy, hypertension, and some
infectious diseases (e.g., Abdi & Gustafsson,
1989; Inui, Yourtee & Williamson, 1976).

Medication noncompliance can occur in
numerous ways. The most frequent types of

noncompliance are medication overdosage, either
from taking greater than prescribed doses or
taking the same drug from more than one bottle,
and medication omission. Overmedication can
exacerbate the potential side effects of the
medication or cause severe interactions with
other medications, while undermedication may
increase the severity  of the disease and lead to
hospitalization or rehospitalization. Less
common errors in  medication - taking, albeit no
less important, include taking drugs in the wrong
sequence or in the wrong order, taking
discontinued medications, taking medications
without following the warnings on the label, and
taking another individual's medications.

Numerous factors can affect consistency in
medication - taking. An individual'smotivation to
maintain a medication regimen, as well as his or
her cognitive, sensory, and motor capabilities all
affect consistency of medication - taking. Physical
aids such as pill containers, drug identification
cards, and unit dose packing have been used
successfully as a partial solution to improve
consistency in medication- taking (Rudd, 1979;
Sau Mei Wong & Norman, 1987). However,
many of these devices have not been developed
with geriatric individuals in  mind. Some are
difficult to open, others have extremely small
spaces in which to place pills , while others use
lettering that may be extremely difficult to see.
It is anticipated that use of specific design
considerations could make medication dispensing
and organizing products more acceptable, more
reliable, and easier to use by older adults. Better
designed physical aids could assist older adults in
improving consistency of medication - taking,
especially if an overall strategy of medication -
taking encorporates other solutions such as
patient education or simplification of medication
regimens.

STATEMENT OF THE PROBLEM

Many medication organizing or dispensing
products have been designed without knowledge
of the most appropriate design features for older
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adults. While they may be useful for some
individuals, many older adults cannot receive the
full benefit of these devices as they are currently
designed. To improve ease of use and perhaps
improve consistency of medication - taking,
medication dispensing and organizing devices
need to address the sensory, motor, and memory
limitations that face many older adults today.

APPROACH

Criteria related to medication dispensing and
organizing devices which are particularly relevant
to older adults have been identified. An initial
list of product criteria was established by
interviewing professionals in the fields of
gerontology, pharmacology, and technology. This
list was refined based on feedback from a focus
group held with older adults. These individuals
identified the criteria believed to be important
with regard to medication organizing and
dispensing products, and rated each criterion in
terms of its degree of overall importance.
Among the factors rated as important were ease
of opening /closing, space on product for labeling
medications, ease of instructions, cost, and
reliability.

A review of product databases, as well as product
catalogs, was performed to determine the
products available to consumers. It was found
that this product domain includes medication
organizing and dispensing products which vary
along a continuum of complexity, from very "low
tech" pill organizers of different kinds, shapes,
and colors, to very "high tech" devices which can
be programmed to dispense medications
automatically. From this, a representative range
of products to be evaluated was established.

Samples of nine different products which span the
complexity continuum have been obtained for
evaluation. At the lower end of complexity, three
products which simply hold and /or sort
medications will be evaluated. These products
differ, among other things, in size, color coding,
number of different pills which can be
accommodated, method of opening /closing, and
labeling. Slightly more complex are the products
which act as timers and can be set to provide an
auditory signal at specified intervals in time.
These products have a visual display, similar to
that of a small alarm clock or calculator, and
must be reset each time they ring. Areas in

which these products differ include size, number
of pills accommodated, method of setting alarms,
and height of numbers on display. Finally, at the
high end of complexity are three products which
can be programmed to sound a signal for several
doses per day for multiple medications. These
products differ in terms of programming
requirements, method of dispensing pills, ability
to track and record pills missed, size /portability,
and size of visual display, as well as in additional
features such as printed reports and warnings
provided.

In order to establish the product features which
are appropriate for older adults with functional
limitations, the products will be evaluated by
older adults with sensory, motor, and memory
limitations, as well as by their caregivers.
Products will be tested in the laboratory to
determine initial comprehensibility of instructions
and initial ease of use in terms of opening,
closing, loading pills, dispensing, etc. Each
product will then be used in the home to
establish impressions of the product design
features over an extended period of time, as well
as to determine whether the use of these products
can improve consistency of medication- taking.

IMPLICATIONS AND DISCUSSION

It is anticipated that product features designed
specifically to address the functional capabilities
of older adults may enhance the utility and
acceptance of these products. If medication
dispensing and organizing devices can be used
easily and reliably by older adults, these devices
could improve consistency of medication- taking,
especially if used in conjunction with other
strategies.

From the objective and subjective data acquired
during the evaluation process, information will be
obtained regarding the appropriateness for older
adults of various design features such as
size /color of print, method of opening /closing,
method of loading /dispensing, ease of
reading /following directions, etc. Feedback will
be provided to manufacturers regarding both the
appropriateness of their existing product features,
and potential modifications which could be
implemented to  improve product use by older
adults. In addition, product summaries will be
provided to consumers to help them select
products appropriate for individuals with various
functional limitations.
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BALANCE DIAGNOSIS USING A WEARABLE
UPPER BODY MOTION ANALYSIS COMPUTER

Eri c  E .  S abe lma n, Ja mes  J .  Ga dd,  De borah E. Ke nne y , P au l  M.  Me rr i t t ,  Ca rol  H.  Wi nograd  t

Pal o Al to  VA  Med ic al  Ce nt er , Rehab il it a t ion R & D Cente r,  a nd

t Ge ri a t ri cs  Res ea rc h,  Edu c at io n and Cl inic al  C ente r

AB S T RAC T
In a previous report [1] we described a pilot study on
upper body accelerometry to measure aging- re lated
changes in balance, with the  ultimate a im of preventing
falls  or minimizing resultant injury. Pilot data  were
ob ta i ne d  u s ing a  se t  o f  he ad - and wais t- mounted
accelerometers  te thered to a s tationary computer by
cables . This paper reports on a new wearable
computer -based data  acquisition sys tem that permits
unconstrained motion. Data were compared to postural
s ta bil i ty de r i v e d fro m a self - ad minis te red
questionnaire, a physical examination and evaluation of
videotapes  of subjects performing standard balance -
assessment tasks.

B A C K G RO U N D
Postural s tabili ty declines  with age due to combined
ves tibular, proprioceptive and visual losses , resulting
in impaired mobility and increased risk of injurious
falls [2]. The ultimate goal of this project is to develop
a wearable  accelerometric  ins trument -- a  "balance
orthosis" -- making it possible to record an individual's
mov eme nts dur ing everyday activities in a non -
laboratory se tting, identify patterns of movement that
accompany los s  of  b al ance  b efore  a  fa ll actually
occurs, alert  the individual of pre -fa ll behavior, and if
necessary, s ignal a  remote  a ttendant that a  fa ll  has
taken place. In the short term, we expect the instrument
to be useful for quantification of hitherto qualitative
clinical diagnosis of balance disorders.

One major objective is  to create a means for real -time
quantita tive body mo ti on analys is outs ide the
laboratory, in the  same environment and situations  in
whic h p eop le  a ctu all y f a ll  and  injure  thems elv es .
Quantitative  balance assessment presently can be done
by vid eo image a nalys i s  [3]  or b y move able  force
platforms [4]. However, these  require that the patient
be brought to the laboratory; they cannot duplicate all
the  fa cto rs  whi ch may  le ad to a  f a ll , a nd the y a re
expens ive ($100,000 to $200,000, or $360 per use).
One force  pla tform, the  "Equitest" permits controlled
induction of falls  and separation of ves tibular from
visual feedback [4] . On -site  balance assessment is
usually performed by a trained physical or occupational
therapist, and consists of qualitative "steady /unsteady"
ju dgements du r i ng obse rvat ion of the subject
performing a  series of s tandardized motions [5]. Our
instrumentation will a llow these subjective measures to
be quantified and co mp ared to normal motion
signatures stored in computer memory.

ME TH OD S
The wearab le  b alanc e as sessment s ys te m emp loys
twelve t5 g range monolithic silicon accelerometers  in
surface  mount packages, which are small enough for
unobtrus ive mo u nti ng on the body, even after
assembly of three devices  for multi -axis sensing. A 3-

5.5

assembly of three devices  for multi -axis sensing. A 3-
axis assembly is  mo u nt e d  o n ea c h c o rne r  o f  a n
eyeglass frame to measure head motion and a lso on the
left and right sides  of a Velcro - covered waist belt to
measure trunk accelerations. Also on the belt are the
data recording computer and a  battery pack. Cables
from the sensors  go to sa mple- and -hold amplifier
boards  ins ide  the  wearable  computer /recorder, thus
all owing the  we arer  t o mo ve  a bo ut  wit ho ut  b ei ng
tethered to a fixed computer.

The off - the -shelf single  -board CMOS comput er
( "Tattle tale Mark V " , Ons et  Co mp ute r Corp, N.
Falmouth, MA) digitizes the  12 amplifier outputs at 1
part in 1024 accuracy (10 bits) at 20 to 100 millisecond
intervals . Also in the 6.5 X 2 X 3 inch package are  an
inte r fa c e  b oa rd and  a  2 mega by te  me mory  b o ard
[Figure 1]. After 40 to 180 minutes of data  collection,
a te lephone -type modular cable  is  plugged into the
int erf ac e  b oard to send the  s tored da ta  to a  fixed
co mp ut e r  fo r process ing. Recording is started,
stopped and coded for identification of the wearer's
activity us i ng a n i nf r a re d  re mot e  co nt ro l , s o  t he
experimenter does  not have to physically contact the
device while recording.

FIGURE 1: ACCELEROMETRIC BALANCE
DIAGNOSIS SYSTEM (waist sensors omitted)

er r r LEM OLD
ruroxr

I W Y URM BOARD

A medical his tory for each subject is  obta ined via  a
self- adminis tered ques tio nna ire and a phys ical
examination. These and the qualita tive assessment
protocol for comparison with the accelerometric  score
include all  non - duplicated items  from four published
balance and activities of daily living (ADL) assessment
methods  (T inetti  [5], Wolfson [6], Reuben & Siu [7],
and Lemsky [8], et al.).
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D u r i ng a tes t sess ion the subject wears the
accelerometer- equipped eyeglass frames and waist belt.
To document dis placeme nt dire ctly, r eflecti ve  tape
markers  a re  a ttac hed to le gs , trunk, arms  a nd head;
thes e  ar e  vi de ot ap ed  for  l a t er  i ma ge  a na ly s i s  and
qualitative  balance assessment us ing orthogonal split
screen recording [Figure  21. The subject 's  segmental
dimensions  and locations of reflectors are measured for
use in calculating angular acceleration and velocity.

FIGURE 2: SPLIT -FRAME VIDEO OF TEST

Subj ects  the n pe rformed 65 task s , i n the  fo llowing
categories:
• motionless  standing and s itt ing (to calibra te initia l

and post -test angles of accelerometers)
• s tanding: eyes  open, eyes c losed, on toes , on soft

foam, toe - to-heel (tandem stance), on one leg
• simple motions : turning and ti lt ing head and trunk,

reaching to left  and right
• ascend 3 steps, turn, then descend 3 s teps,
• rise from and s it in a chair,
• pick up and replace objects (penny, 1 kg weight) on

floor, overhead, on a shelf
• walking: natural pace, tandem, s tep over 2, 4 and

8 -inch obstacles.
• AD L: talking, s imulated eating, writing, putting on

a coat, opening a door

The first step in quantitative post -test data analysis is to
define the  s tart and end of the activity. The raw data
co nt ai ns  ba s el ine s  a t  the  be ginni ng and  e nd  of  a n
activity due to having the subject motionless before and
after the  activity. The mean and s tandard deviation
(SD) of the fast ten data points are calculated. Data are
then compared to this mean point -by -point until  one
point is  found to be 2 SDs  from the mean. This  point
is then cons idered to be the beginning of the activity [a
in Figure  3] . The end of the  activity is  found in the
same manner by starting at the  end of the data  file  and
moving backwards  through the  data  [g in Figure  31.
Where  the  act ivity is  rep eated, the  ma xima, minima
and/or slope of single sensors are determined and used
to define  beginning and ending of a single activity [b,
c, d, e, f in Figure 3] .

FIGURE 3: PARTITIONING OF DATA FILE
(illustrated: 5 repetitions sit /stand)

RE S U L T S
Twelve elderly (5 male , 7 female, ages  63 to 81 years)
and 5 young (21 to 34) subjects were  examined. All
were  mobile  and independent with respect to ADLs.
Performance on qualita tive  assessment was  nominal
except for the  seven tasks shown in Table 1, with the
most fa ilures  in eyes  - c losed tandem s tanding and
standing on one's toes for 15 seconds each.

TABLE 1: QUALITATIVE INSTABILITY
ALL ELDERLY FEM ALE M AL E

(N= =121 LN-= Z 1R=—%
LATERAL REACH 25% 43% 0%
UPWARD REACH 42% 43% 40%
STAND ON TOES 67% 86% 40%
1 FOOT STANCE 33% 43% 20%
TANDEM STANCE 58% 43% 80%

TAN DEM WA LK 42% 57% 20%
BARRIERS 25% 43% 0%

Figure  4 is  an example  of derivati on of a  subject -
specific motion signature for a  single task, in this case
sitting and rising from a chair, repeated 5 times in rapid
succession. The anterior /posterior horizontal (Z -axis)
signals at the right head were converted to gravity units
(g = 9.8 m /sec) and processed as  shown in Figure  3.
The mean and SD of the 5 repetitions were calculated
after matching the minima and preceding s lope of the
right head Z -axis  sensor. Fi gure  4  sho ws  the  4 0
points  (1.2 sec) before and after the matched point on
the Z -axis a t the head. Angle  o f incli nation in the
sagittal plane can be found by vector addition of the X-
and Z -axes.

D I S C U S S I O N
In the  present series  of tests , active elderly, without a
history of falling, had the  greatest difficulty with tasks
that required decreased base of support(e.g.:standing
on toes, tandem walk/s tance). Half of female  e lderly
also had problems walking over barriers  and la tera l
reaching. Acce leromet ric  da ta  o n t he  same  ta sks
corroborated these  findings . Accelerometry is  mos t
sens itive  to the  s tart  and  end of v olit ional  motion,
tremor and uncontrolled oscillation, impacts  such as
heel strike while walking, and abrupt tilting of the head
or trunk, as  upon los ing one's  balance.
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UP PER BOD Y BAL ANC E D IAG NOS IS

FIGURE 4: MEAN & STANDARD DEVIATION OF
5 REPETITIONS SIT-TO-STAND(STAND-
TO -SIT, Z & X axes (young subject: DK)
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We  a re  c o nt i nu i ng to de ri ve "no rma l " (anifo rm
regardl es s  o f age) and age - modified acceleration
s ignatures for all the balance assessment tasks
according to the  model of Figure  4.  In this example ,
since variation in duration of each of the  5 trials was
not matched, the  SD tends  to increase with time after
the ma t che d po i nt ; mul ti poi nt ma t c hi ng with
interpolation ass uming a  cons tant interval between
points would correct for this variance.

The number and distribution between male and female
subject of failures to perform qualitative  balance tasks
is  asc ri bab le  a t  le as t  p art ly  to  lo we r l imb  musc le
weakness  (9] . Reaching, s tanding on tiptoe  and on
one leg a ll  r equire  high muscle  forces  more eas ily
generated by men than women. Tandem s tance and
gait  place  greater demands  on small muscles  of the
foot; however, the cause of the 80% failure rate among
males is not known.  The stepping- over - obstacles test
was newly devised to simulate  real -world curbs and
thresholds ; i t appears  to be  more difficult  for women
than for men.

While  the  activity series  which subjects are  asked to
perform is re latively complete, other tasks  which might
be added include simulation of uneven surfaces such as
gravel and ridges under carpet, standing with the legs
crossed (an extreme form of tandem s tance), s tanding
on a  beam with toes  and heels  unsupported [Horak,
per sonal communica tio n] ,  ca rry ing an as ymmetr ic
load, and placing an object on a low shelf [10].

There  are  other uses for body motion analys is  under
real -world conditions, such as in sports tra ining and in
occupational injury prevention and rehabilitation.  For
these purposes , accelerometric sensors mi ght  b e
attached to molded splints on the wrists , to shoes or to
straps  on the arms  or legs  for monitoring other body
segments besides  the head and trunk.
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6.1

BIANGULAR BACK (BAB) - CONCEPT NOT COMPONENT
A Five Year Retrospective

Mary Ellen Gorden, OTR Rehabilitation Designs, Inc.
Simon A. Margolis, C.O. Rehabilitation Technologists, Inc.

ABST RACT

The most difficult, and often perplex-
ing, problems facing clinical seated
po s it io nin g prac tit ion e rs a re pe l-
vic alignment and stabilization, and
head control /position. Over five
years ago, we, along with many of our
colleagues, adopted a substantially different
conceptual approach to addressing these
problems. The heart of the approach includes
the use of the BiAngular Back design coupled
with a major emphasis on the interrelation-
ships among the positions and orientations of
different parts of the body. This holistic ap-
proach is coupled with a continuing awareness
of the functional needs of the client and their
care givers. This formula has led to  great
success in meeting the needs of many people
who in the past have attained only marginal
results from seating efforts.

BACKGROUND

Determining the etiology of most head con-
trol and position problems requires looking
past the obvious. The position of the pelvis
and the presence, or lack, of natural compli-
mentary curves of the spine is virtually always
a major contributor to head control/position
problems.

Though balancing the head over the pelvis by
repositioning the spine with a more natural
lumbar lordosis, thoracic kyphosis, and cervi-
cal lordosis does not in itself assure appropri-
ate head position; an unnatural alignment of
the spine, both anteriorly /posteriorly or medi-
ally/laterally, almost always causes head
control/position difficulties.

When the concept of the BAB was first
discussed in 19871 there were a great many
practitioners unaware of, or ignoring, basic
bio- mechanical considerations. The common-
ly accepted approach to dealing with the

problems of "thrusting hips" i.e., increased,
often uncontrolled, activity of primarily  the
hip extensor muscles, was to decrease the seat
to back angle of the seated positioning system
with hardware, by using a rolled or wedged
seat, or by the unfortunate misuse of a valu-
able positioning tool; the anti - thrust seat.

This approach was (and still is) used repeat-
edly without taking into consideration:

- limitations to true acetabular hip joint
range of motion

- the effectiveness of the anterior seating
components to maintain the requisite
pelvic position

- the relationship of the angle of the ana-
tomical hip joint to the mechanical seat to
back angle of the seating system'

Though a great number of people are now
more aware of these and other limiting fac-
tors in  using a ninety degree, or less than
ninety degree, seat to back angle; the use of
seating system designs that address these
basic biomechanical issues has only recently
increased.

Almost all of the commercially available
seated positioning system are provided with a
basic seat to back angle of 90 degrees.
Though custom designs are often available
from these manufacturers; the indications for
their use are not well publicized nor docu-
mented.

INDICATIONS

Since the design of the BiAngular Back pro-
motes the natural alignment of the spine, we
suggest that it's use is almost universally
indicated. In our clinical practices, the Bi-
Angular Back is  used for virtually all our
clients who require linear seating systems,
subject to the contraindications listed below.
The concept of the BAB can easily be applied
to direct molded systems, eg., Foam -in- Place,
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Bead Seat, etc., as well as to indirect molded
systems such as Contour U or Summit.

We hope that you and your colleagues will
think of other contraindications as well. We
urge you to share them with us.

Generally, the BAB is contraindicated:

- When the referring clinician or rehabili-
tation technology supplier does not fully
understand the concept, the application, the
design or the implications of using an ag-
gressive, holistic approach to seated posi-
tioning.

One of the barriers to the acceptance of
the BAB has been the fact that the con-
cept has been widely misunderstood and
misused by often well intentioned, though
poorly prepared or informed, individuals.

- When the client and /or primary care
givers are extremely resistant to change
and "new ideas ".

- When the client wears a Thoraco-
Lumbo- Sacral Orthosis (TISO) or other
type of external spinal support when seat-
ed in the positioning system.

- When the client has undergone a spinal
fusion or has developed bony changes in
the spine. These situations, as well as the
use of a TLSO, fix the amount of lumbar
extension available, thus negating the
effectiveness of the BAB concept.

- When there are respiratory, circulatory
or other systemic contraindications to the
pelvis being anteriorly tilted and the lum-
bar spine extended.

Other than these situations, we feel that the
BAB concept, to a greater or lesser extent,
will benefit almost all clients. The magnitude
of the benefits gained must be weighed
against the additional cost and effort of the
BAB design.

Generally, the BAB is no more difficult, and
only nominally more expensive, than many

other more standard back designs. When us-
ing the BAB concept with a molded system,
there is virtually no additional cost nor effort
involved.

CONCLUSIONS

This paper is  not intended to  present all the
permutations and ramifications of the Bi-
Angular Back design as it relates to position-
ing people with disabilities. The concept has,
however, become a valuable tool for at least
75 seating practitioners around the United
States and Canada. We conservatively esti-
mate that over 3000 clients are using seated
positioning systems incorporating the BAB
design.

We strongly recommend that you get further
information and instruction before implement-
ing these ideas.

Once understood and mastered, use of the
BAB concept will improve the seated posi-
tion, head control and upper extremity func-
tion of many of your clients.

Mary Ellen Gorden
Rehabilitation Designs, Inc.
901 Watson Avenue, Suite 102
Madison, WI 53713
1- 800 - 783 -1734
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6.2
Integrating Control of Multiple Assistive Devices: When is it Appropriate?

Paula Guerette, Kevin Caves, Richard Nakai & Eunice Sumi
Rehabilitation Engineering Center on Technology for Children

Rancho Los Amigos Medical Center
Downey, California

ABSTRACT

Techno lo gical ad vanc es now allo w control of multip le
as s is tive devic es to  be integrated  to  a s ingle input d evic e.
Ho wever,  lit t le informatio n is  availab le to  help  therap is ts
determine when integrated  co ntrols s ho uld  be reco mmended.
A retro s p ec tive s tud y o f c lients  at the Center fo r App lied
Rehab ilitatio n Technology was perfo rmed to determine
facto rs  whic h s ugges t  when integrated c ontro ls  are and  are
not appropriate.  Integrated  controls ap pear to  be appropriate
when: 1) the "b es t" metho d for co ntro lling eac h as sis tive
devic e is  the s ame; 2) the ind ivid ual has  a s ingle,  reliab le
access  site; and  3) the ind ivid ual p refers  integrated co ntro ls
for s ub jective reas ons. Ho wever, there are several reas ons
why integrated control is  no t always warranted. First,
integrating c ontro l often res ults  in p erfo rmanc e trad e -offs .
Sec ond,  the c ognitive demand s of integrated  c ontrollers  are
greater than tho s e invo lved in using d ed icated  co ntro ls  fo r
eac h devic e.  Third, technic al limitatio ns  may restric t the use
of integrated c o ntro llers  with s o me equip ment. Finally,  if
fund ing is  restricted , the add ed  c os t  (up  to $3500) may no t
be jus tified .

BACKGROUND

Previously, individuals who used more than one
assistive device were required to control each
device separately. In these cases, control was
"distributed" to multiple input devices such as
switches and joysticks, and often to more than
one access site. Using distributed controls was
often difficult for individuals with limited
reliable access sites. In addition, multiple input
devices could make a system more cumbersome
to use, and less visually pleasing.

In the past decade, systems have been developed
for specific individuals which combine control
of multiple assistive devices to a single input
device. For example, Braswell & Buckett
(1983) designed several configurations of
combined wheelchair and recliner control for
shoulder control wheelchair users. One of these
systems allocated recliner control to the same
shoulder switch used to control the wheelchair.
The " Lainey" System (Romich, 1984; Trefler,
Romich & Russell, 1985) and the "Tamara"
System (Bresler, 1989) combined control of
powered mobility, communication, and
environmental control all to a single input

device. The Lainey system also provided
control of a computer through this input device.
The development of these systems with
"integrated" controls demonstrated that a
microprocessor -based system could be used to
integrate control of multiple assistive devices.

Although the systems presented above were
developed for specific individuals, integrated
controllers have recently become available on a
commercial basis. These integrated controllers
offer therapists greater flexibility in making
recommendations to clients. For example, the
same joystick or switches which are used to
control a wheelchair can now also be used to
control a communication device, a computer, a
recliner, and an environmental control unit.
However, this technology is relatively new and
as such, there is little information to suggest
when the use of integrated controls is
appropriate.

To determine when integrated controls are
appropriate, two concurrent projects are being
conducted. The first of these involves a
retrospective review of all patient charts at the
Center for Applied Rehabilitation Technology
(CART) to determine the factors involved in the
recommendation of integrated controls. The
second is a performance study which examines
how well disabled individuals are able to access
various assistive devices using both integrated
and distributed controls. The results of the
retrospective study are addressed in this paper.

RESEARCH QUESTION

Integration may be clinically advantageous in
some cases. However, it is also possible that
integrated controls may actually interfere with a
user's performance. The current project seeks to
determine the factors which support integrating
control of multiple assistive devices and those
which suggest that control be distributed across
multiple input devices. From this information,
guidelines for therapists will be established to
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assist with the recommendation of integrated
controls.

METHOD

Since the major commercially available
integrated controllers operate through the
wheelchair input device, only those individuals
receiving a recommendation for powered
mobility were entered into the retrospective
study. For each individual entered in the study,
information was obtained regarding the specific
disability, available access sites, appropriate
access methods, and system configuration
recommended by CART therapists. Through a
review of the patient data collected, as well as
through consultation with CART therapists,
reasons for recommending or not recommending
an integrated system were determined for each
individual.

RESULTS

A total of 170 charts were reviewed. Of these,
117 individuals were excluded from the
retrospective study, either because they were not
powered mobility  users or because they did not
receive an equipment recommendation from
CART.

Forty-four of the remaining 52 individuals
(85%) received recommendations for systems
with distributed controls. The primary reasons
cited for not prescribing integrated controls to
these 44 individuals included speed, accuracy,
and ease of use of distributed controls, as well
as cognitive limitations which precluded the use
of integrated controls. For nine of these
individuals, therapists reported that integrated
controls would have been a clinically  feasible
recommendation. However, integrated controls
were not recommended in these cases due
primarily to personal preference of the user and
additional cost of the integrated controller.

In 41 of the 44 cases where distributed controls
were recommended, it would have been
technically  possible to  integrate the control of
additional assistive devices through the

wheelchair input device, assuming the
individuals were provided with the proper
wheelchair electronics. For the remaining three
individuals, their prescribed assistive devices
could not be integrated through any available
integrated wheelchair controller.

Of the nine who were recommended integrated
controls, one was not able to use distributed
controls due to physical limitations. This
individual had a single reliable access site.
Therefore, integrating control allowed access of
multiple assistive devices through a single input
device. For two others, the best mode of access
for each assistive device, when evaluated
independently, was found to be the same. Thus,
these individuals benefited from the use of
integrated controls.

The remaining six  individuals were physically
able to  use systems with distributed controls.
However, four of the six performed better with
integrated controls and found them easier to use.
All reported a personal preference for integrated
controls -- one reported that integrated control
minimized the number of access devices
required and provided a "neater" looking system.
Interestingly, one of the six actually accessed a
communication device more slowly with the
integrated system but preferred it for a number
of subjective reasons, including aesthetics.

DISCUSSION

Although these findings will be enhanced by
data from the performance study, an initial
review of the retrospective data indicates that
several factors are important in the
recommendation of integrated controls. First,
integrated controls appear to be appropriate for
clients whose "best" method for controlling each
individual assistive device is the same.
Integrated controls are also appropriate for those
who have only a single, reliable access site.
Finally, integrated controls are appropriate for
subjective reasons, including aesthetics and
perceived performance.
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Despite reasons for recommending integrated
control, it is not appropriate in many cases.
Integration often results  in  performance trade-
offs, especially  if an individual must use a less
appropriate mode of access for one or more
assistive devices in order to  integrate control.
The cognitive demands of integrated controllers
appear to be greater than those involved in using
dedicated controls for each device. It is  not
always technically possible to integrate all
equipment. Finally , if funds are restricted, the
added cost of up to  $3500 may not be justified.
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DYNAMIC TESTING OF CUSTOM SEATING SYSTEMS FOR TRANSPORTING
CHILDREN WITH PHYSICAL DISABILITIES IN MOTOR VEHICLES

Steve Ryan, Margaret Young, Dianna Fong, and Stephen Naumann
The Hugh MacMillan Rehabilitation Centre,

Toronto, Ontario, CANADA

ABSTRACT

Published studies have indicated that unmodified
custom seating inserts for children with disabilities
are not designed to withstand the forces that can be
generated during a motor vehicle accident.

As part of a project to develop a system for
upgrading custom seating inserts so that they can be
used in motor vehicles, three different impact tests
were conducted to investigate both the dynamic
performance of a typical custom seating insert and
the response of a child -size anthropomorphic dummy.

The results of the impact tests demonstrated that an
insert that has been provided with an appropriate
support frame and belting arrangement can provide
children with physical disabilities the same level of
protection as their able - bodied peers. It was found
that this can be accommodated without
compromising the therapeutic support required.

BACKGROUND

Being properly restrained in a motor vehicle presents
special problems for many children with physical
disabilities. Commonly, they require specialized
postural seating support and are often unable to use
standard, commercial types of car passenger
restraints alone because of dependent sitting, skeletal
deformities and/or uncontrolled head movements
(1,2)•

Faced with having to transport their children, parents
and caregivers often have no alternative but to
position their children in postural support devices and
secure them using the vehicle lap belt and the straps
provided with the seating systems. An even less
desirable situation positions the child on another
passenger's lap with a single seat belt around both.

While the disabled child may be adequately
supported during normal automobile manoeuvres,
such arrangements violate basic crashworthiness
principles and could contribute to, rather than
prevent, serious occupant injury or death during an
automobile accident (3).

Recognizing the unique positioning requirements of
physically disabled passengers, Transport Canada

6.3

recently issued Canadian Motor Vehicle Safety
Standard ( CMVSS) 213.3 - Restraint Systems for
Disabled Persons. In CMVSS 213.3, a production
seating systems used for transportation must meet
specific performance criteria for certification.

METHOD

Dynamic tests

The goal of the test programme was to examine the
impact performance of various restraint arrangements
and to compare the performance with relevant
dynamic requirements of federal regulations for child
restraint systems.

To comply with the regulations, the maximum
forward head excursion for the test dummies must
not exceed 720 mm (28.5 inches) from a reference
point on the impact sled. Also, the chest acceleration
of the instrumented dummy must not exceed a
loading of 60 g's for more than 3 milliseconds.

Dynamic tests were conducted at the Impact Studies
Facility of the Defence and Civil Institute of
Environmental Medicine (DCIEM) in Downsview,
Ontario. At DCIEM, a crash - simulator system is
used to provide impacts which are typical of
vehicular crashes. The simulator is intended to mimic
the response of a head -on vehicular collision of 30
miles per hour into a stationary object (as required
by CMVSS 213.3).

Three impact tests were conducted. In each case, an
instrumented anthropomorphic dummy was used to
simulate a three year -old child. An identical custom
foam- and - plywood insert was provided for each test,
however, the method of restraining the insert and
securing the dummy was varied for each run.

Test run 1. To obtain baseline information, the first
test involved using an unmodified, custom foam -and-
plywood insert. Both the dummy and insert were
restrained by the car lap belt to typify the
arrangement used by most parents.

Test run 2. The second test used the same seat
configuration, but it was upgraded to meet the
requirements of CMVSS 213.3. Enhancements
included using upper and lower torso restraint belts,
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and a suitably anchored tether strap to limit rotation
of the back support.
The vehicle lap belt was placed behind the dummy,
but in front of the seat's hinge, to ensure that insert
loads were not applied to  the occupant during the
impact.

Test run 3. The final test incorporated a prototype
restraint system that consisted of a steel "conversion"
frame, adjustable restraint belts, and hardware which
was attached to the insert.

The conversion frame was designed to be the
primary load bearing structure responsible for "riding
down" car deceleration during a collision. It
provided the anchor points for the occupant shoulder
harness, pelvic belt, crotch belt, and tether strap.

The frame was an arrangement of tubular steel
configured to rest on the car passenger seat and
readily accept a custom seating insert removed from
a wheeled mobility base.

RESULTS

Quantitative results of the impact tests are provided
in Table 1.

Test run 1. Results of the first run indicated that
while chest accelerations were measured to be within
the required level of acceptance, severe 'jack-
knifing" of the insert and dummy resulted in a head
excursion nearly eight inches beyond the safe limit.
These findings corroborate the results of earlier tests
conducted by Transport Canada (4).

Chest acceleration was found to be within the bounds
specified in CMVSS 213.3 for this test, however, the
chest strap did not play a major role in restraining
the dummy. The time and magnitude of maximum
chest acceleration suggest that lap belt loading,
although not measured, was likely very high.

Since the insert and dummy were both held using a
single lap belt, the seat applied loading directly to
the occupant during the impact. The vehicle lap belt
was also found to be twisted following the test,
suggesting that the load was not well distributed over
the pelvis.

Test run 2. Results of the second test demonstrated
marked improvements in the dynamic performance of
the arrangement. Both chest acceleration and head
excursion, remained below the limits specified in the
standard.

While the plywood back of the insert sustained a
severe, transverse failure across its width, the
dynamic requirements of CMVSS 213.3 were
marginally met. It was projected, however, that
variations in seat height could result in values which
exceed the limits set in the standard.

Test run 3. The final test conducted using the
conversion frame showed head excursion and chest
acceleration values that were also within the limits
set in CMVSS 213.3.

The prototype conversion system demonstrated a
dynamic performance which was consistent with the
requirements for production child restraint systems.
Controlled deformation of the frame assisted in
reducing the severity of the impact.
Improvements were also observed in the measured
response of the dummy and in the performance of
the insert when compared to the other custom
restraint arrangements tested.

DISCUSSION

The modified seating arrangements tested were
proven to upgrade custom seating inserts such that
their dynamic performance matched that of
production child car seats.

While the technical feasibility of upgrading inserts to
meet federal standards was demonstrated by the
results of run 2, the practical implications of proper
belt management were of concern to clinical team
members. They believed that the restraint belts
would not necessarily provide proper therapeutic
securement of the child. Hence, in addition to
carrying these belts, the insert would also need to be
outfitted with postural belts. As a consequence, it
was believed that the extra belts would invite misuse
of the securement hardware and would also likely
create an arrangement which would be awkward for
parents to use.

These considerations and the results of the dynamic
tests reinforced the need to provide a supplementary,
detachable conversion system which would support
the appropriate restraint belt arrangement, provide the
necessary therapeutic support for the child, and be a
functional system for parents to manage.

With the support of industry and seating clinics, a
commercial version of the conversion system should
offer many young children with physical disabilities
the means for travelling safely in motor vehicles.
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Run No. Max.Head Max Chest Time of Max. Chest
Excursion Acceleration Acceleration

1 922mm (36.3 ") 49 g .102 s
2 706mm (27.8 ") 49 g .063s
3 675mm (26.6 ") 50 g .056 s

Table 1 - Values of head excursion, chest acceleration, and time of maxium chest acceleration
from the onset of impact.
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6.4
Cold Weather Wheelchair Battery Performance

James J. Kauzlarich and Joanna Radford
UVa Rehabilitation Engineering Center

Charlottesville, VA 22906

Abstract

It is well known that batteries will deliver less
energy under cold weather conditions, but this
information is not usually available for
wheelchair batteries. The capacity of two
different types of deep cycle lead -acid batteries
(wet cell and gel cell) used in electric
wheelchairs was measured at room temperature
and at freezing conditions.

The test results show that the wet cell is able to
store more energy than the gel cell for the same
size case under hot or cold conditions. Wet cell
batteries cost about one half the amount of gel
cell batteries, and are by far the most
economical choice for wheelchairs. Until
recently only gel cell batteries have been
accepted for transport by some airlines, but
under new DOT policy requirements (1990)
airlines must accept all types of wheelchair
batteries when properly stowed.

Introduction

In the United States there are more than
1,000,000 wheelchair users (Ref 1, p. 1), and it
is estimated (2) that 25 to 30% of these
wheelchairs (275,000) are powered. Since the
market for wheelchair batteries is relatively
small, the demand by wheelchair users for
battery improvements goes unheeded by U.S.
battery companies, whose economical interests
lie primarily with automotive power sources
(compare the need for about 500,000
wheelchair batteries per year with the usual
production of 20,000 automobile batteries per
day by one of the large battery companies).
Because of this small market the test
information on wheelchair batteries is lacking.
In the case of cold weather conditions the
performance data available from battery
companies is for automotive starter
requirements of 190 amps at 0 °F. The typical
wheelchair draws about 7 amps average during
operation, and cold weather test data is
unavailable. Two common types of wheelchair
batteries (wet cell and gel cell) were tested to
generate performance data applicable to
wheelchairs at room temperature and at

freezing conditions, and the results are
presented below.

Method

The important characteristic of the battery to the
user is the time a battery will operate the
wheelchair before becoming discharged, which
is called the battery capacity in terms of
ampere- hours; and this is generated by
measuring the current and time for discharge of
the battery. Since the capacity is mainly a
function of type of battery, rate of discharge and
temperature, these conditions were selected for
testing.

Two common types of "deep cycle" batteries
from Johnson Controls were tested. A 22NF
wet cell battery of 60 ampere -hour capacity at
80

OF was tested. The 22NF represents the
case size and the D represents "deep cycle."
Deep cycle batteries are built of special
materials resulting in a more rugged
construction, which is necessary when a battery
is often discharged deeply. Automotive
batteries are designated Starting, Lighting and
Ignition (SLI), and are normally not deeply
discharged since the automotive charger keeps
them fully charged. SLI batteries are
constructed much lighter than deep cycle
batteries. The wet cell is not maintenance free;
it must be checked for electrolyte level and
distilled water added as needed. The price of
the wet cell batteries was $45 each. The other
type of battery which was tested is the gel cell,
which is nonspillable and maintenance free, and
before 1991 was the only battery accepted by
airlines. The gel cells tested were of the 22NF
case size, designated GC12400 with GC12
representing "Gel Cell 12 volt," and the 400
meaning 40.0 ampere -hours capacity (80 °F) at
the 20 hour rate of discharge of 2 amperes for
this battery. The name gel cell derives from the
fact that the electrolyte is gelled, but otherwise
the battery is the same as a wet cell battery.
Because the electrolyte is gelled there is a loss
in capacity of 20 ampere -hours since the gelled
electrolyte will not diffuse through the porous
plates as easily as a wet cell battery. The price
of the gel cell batteries was $75 each.
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Under room temperature conditions two 12 volt
batteries connected in series (24 volts) were
discharged to 12 volts, which is essentially the
lowest voltage usable by a 24 volt wheelchair
and represents a depth of discharge of 100 %.
An automatic cut off charger was used to
recharge the batteries. Both a tapered current
charger (Lestronic II) and an electronic charger
(Invacare MC200) were used in the testing, each
with automatic cut off. With the battery at room
temperature there were no problems with the
chargers.

The batteries were tested in a refrigerator with
the freezer control set to produce freezing
conditions (0°C) surrounding the batteries. The
charger was at room temperature and wired to
the cold batteries. The automatic cut off
chargers did not work correctly for gel cells,
cutting off after a small recharge because the
cold gel cell battery went through a dip in
voltage during recharge that the charger
interpreted as end of charge. By using a
charger without automatic cut off it was possible
to recharge the cold gel cell batteries without
any trouble. We found the electronic charger
was sensitive to line power surges, and would
cut off when the refriaerator turned on.

Results

The results of the testing are presented in
Figures 1 and 2. In both figures the fully
charged battery was discharged at different
values of constant current to 100% depth of
discharge (DOD). The 100% DOD was
assumed when the voltage of the two batteries
in series fell to 12 volts. Although this is a
constant direct current (DC) discharge, testing
under pulse width modulated control which is
used by electric wheelchairs gave similar
results. We also tested the batteries under a
variable load duty cycle, but found that the
results did not differ significantly from DC
conditions.

Both types of batteries gave the proper room
temperature capacity at the standard 20 hour
rate of discharge, as shown in the Figures. It is
well known that above the 20 hour rate of
discharge the capacity of the battery falls off,
and this is shown by comparing the dashed line
(constant energy) with the actual discharge line,
with the difference designated 'loss." For
example, due to the loss in Figure 2, the battery

will only operate for 1 hour at 20 amperes
discharge whereas it should have operated for
2 hours. The 'loss" is not as great for the wet
cell battery (Figure 1).

Under cold conditions both batteries gave a
lower capacity; 46 ampere -hours for the wet cell
and 36 ampere -hours for the gel cell. The
distance a wheelchair can travel is directly
proportional to the ampere -hour capacity of the
wheelchair. For example, in Ref. 3 we
measured the performance of electric
wheelchairs and found that a 24 volt wheelchair
will do 0.19 miles /ampere -hour on an indoor
track, and 0.42 miles /ampere -hour on an
outdoor track.
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Capacity vs Temperature

N
NERGY60

8 i 0 p ' h r s

46 amp -hrs
• 32° F (0° C)

10 100

Time, hours

Figure 2: Gel Cell
Capacity vs Temperature

CONSTAW ENERGY

LOSS

s

0
0
0

0
n 80° F (27° C)
• 32° F (0° C) 40 Amp -hm

36 Amp-hrs

Time, hours

10 100

RESNA International '92 • June 6 -11, 1992 93



WC Battery Performance

Discussion

We have tested two types of electric wheelchair
batteries and determined the capacity (distance
of travel per charge) under room temperature
and freezing conditions. At 0 °C the data
shows that there is a loss of capaci ty of 14
ampere -hours for the wet cells and 4 ampere -
hours for gel- cells. However, the gel cells have
a room temperature loss of 20 ampere -hours
due to the lack of diffusion of the gelled
electrolyte. Clearly, the wet cells are the
batteries of choice when considering distance of
travel under high and low temperature
conditions.

Other considerations such as cost and overall
life of the batteries are important. The life in
cycles of deep discharge for gel cells was
investigated in Ref. 4, and found to be lower
than manufacturers' claims when used with
wheelchairs. Our experience is that the wet cell
battery has a longer cycle life than gel cells and
is so much lower in cost that i t is the most
economical choice in terms of cost per cycle.
Previously, the only advantage for the gel cell
was that it was the only battery that airlines
would accept for transport. However, in 1990
the Department of Transportation issued rules
a n d r e g u l a t i o n s (5 ) c o n c e r n i n g
nondiscrimination on the basis of handicap in
air travel. These new regulations state that,
"carriers must accept battery powered
wheelchairs, including the batteries, packaging
the batteries in hazardous materials packages
when necessary."
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6 . 5

S e a t i ng  Ad a pt a t i o ns  f o r  Ag r i c u l t u r a l  E q u ip me n t

Theres e M.  Willko mm
The Easter Seal Soc iety of Iowa,  Inc.

F arm F amily Rehab ilitat io n Management P ro gram
Des Moines , IA

Ab s t r a c t

Ap p r o ximately 48 perc ent o f fa rme rs with dis abilities
have b een affected by mo b ility imp airments . These
imp airment s  in c lud e  s p in al c o rd  injuries ,  b ac k injur ies ,
amp utatio ns ,  and neuro  - mus cular dis ord ers . As  a res ult
of such injuries  / illnes ses, s it t ing to leranc e is often
affected. Op era ting  a tr ac to r c an  c au s e ad d it io nal p ain
and  d is c o mfo rt  fro m the mec hanic al s ho c k and vib ratio n
exp erie nc ed  in the tr ac to r  s ea t  whe n perfo rming "off -
ro ad "  wo rk tas ks. Mo d ifying tr ac to r s eats fo r vario us
d is ab ilit ies  is  o ft en c hallen ging d ue to  the uniq ue need s
o f the o p erato r and  the vary ing d ifferenc e s  in make and
mo d el o f agr ic u ltu ral  eq uip men t. T he p urp o s e o f t his
pap er is to dis cuss pro b lems as so ciated with mak ing
searing ac c o mmo d atio ns  for p ers o ns  with dis abilities  and
p o tential s o lutio ns  fo r o verc o ming p r o b lem areas . The
s o lutio ns  d is c us s ed  a re b as ed  o n s eating mo d ific atio ns
that  were mad e fo r 12 farmers with dis ab ilit ies  s erved  b y
The Eas ter Seal Soc iety of Iowa's Farm Family
Rehab ilitat io n Management P ro gram.

Ba c k g ro u n d

Over 20 years ago, the first rural and farm family
vo c atio nal rehab ilitat io n p r o gram was  es tab lis hed  at  the
Univers ity o f Vermo nt Extens io n S ervic e. In  1 97 9,  t he
Breaking New Gro und Reso urce Center at Purdue
Univers ity was es tab lis hed to s hare info rmatio n o n
agric ultural wo rksite mo d ificatio ns for farmers and
ranc hers  with p hys ic al d is ab ilit ies . In 1986,  T he Eas ter
Seal Soc iety of Iowa's Farm Family Rehab ilitat io n
Management P ro gram was  init iated  and  has  s inc e s erved
over 450 farm families affected  by physical d isabilit ies .

As a res ult o f  t he 19 90 Farm Bill, an ame n d me n t t o
pro vide ed uc atio n and as sistance to farm families
affec ted  b y p hys ic al d is ab ilit ies  was  p as s ed . T here  are
no w 10 s tates which,  thro ugh the S tate Extens io n S ervic e
AgrAbility Demo ns tratio n Grants , are as s is t ing
agric ultural pro ducers in c o n tin uing to fa r m o r r an c h
with a p hysic al dis ability.

Many agric ultural wo rks ite ac c o mmo d atio ns are
co ns truc ted  o n a trial-  and -error bas is . T he re has  b e en
very lit t le res earc h c o nd uc ted  o n s p ec ific  typ es  o f farm
machinery mod ific ations  fo r s pec ific typ es o f d is abilit ies .
F urthermo re,  there are very few s tand ard s  o r guid elines
for co ns truc ting specific typ es of farm mac hinery
mo dific atio ns .

F o r an "able- bod ied " farmer, a go o d trac to r  s ea t  mus t
meet the fo llo wing c riteria (Ko uts ky, 1978);

1. Provide the op erato r with a co mfo rtable and
co ntro lled  s eating p os ture.

2. Red uce mec hanic al shoc k and vib ratio n

trans mitted  to  the o p erato r.

3. Po s it io n the o p erato r,  relat ive to  the mac hine,  to
p ro vid e a d e q ua te vis io n a llo wing him t o  s afe ly
and  effic iently p erfo rm all of his  wo rk functions .

4. P o s it io n the  o p era to r to  p ro vid e eas e and  no n -
fatiguing ac c es s  to  mac hine c o ntrols .

5. Res train the o p erato r within a s afety zo ne in the
event o f c o llision or ro llo ver o f machine.

S t a t e me n t o f  t h e  P r o b l e m

Hu ma n factors eng ine ering and mac hine design
inco rpo rate thes e basic func tio ns in today's
manuf ac tu ring of op erato r seats for agric ultural
eq u ip me nt ;  eq uip men t ge ne ra lly b u il t  to suit  the ab le -
bo died . Thes e functions mu s t also be pro vid ed for
op erators  affec ted  b y p hys ical limitations . Unfo rtunately,
there are s everal o b s tac les  with whic h  to  c o ntend  in the
p u rs u it  o f  mak ing  s e at in g ad ap tatio ns for agric ultural
eq uip ment. Thes e o b stac les  include:

The unique nature of the disab ility: As  the effects
o f d is a b lin g c o nd it io ns  var y fr o m ind ivid ual to
ind ivid ual, eac h pers on req uires uniq ue
ad ap tatio ns . So me s eating ad ap tatio ns whic h
are b enefic ial fo r o ne farmer may b e d etrimental
to ano t her far mer with a different type of
dis ab ility o r even fo r an ab le-b o d ied  fanner who
intend s  to o p erate the s ame eq uip ment.

2. Space considerations: T he space res tric tio n in
various makes an d mo d els of agric ultural
eq uip ment c an cause pro b lems in mak ing
ac c o mmo datio ns for physic al limitatio ns .
Co mmo n space pro b lems inc lud e: inad equate
sp ac e to  allo w the s eat  to  s wivel fo r an o p erato r
with  a b ac k inju ry to  s ee  b e hin d  t he mac hin ery
whe n d o in g field  wo r k ta s k s ; lac k  o f s p ac e to
mo unt an ind ep en d ent s eat  s us p e ns io n unit ;  and
lac k o f s p ac e necess ary to  ins t all a s e at  w it h
ad jus tab le arm res ts .

3. Ob taining r ep lac ement s eats : T his p ro ves  to  b e
p art ic u lar ly d if fic ult  as  man y manu fac tur ers of
trac t o r s eats  limit  p r o d uc tio n  to  t he n umb e r o f
trac to rs  being manufac tured . Thes e ind ep end ent
sus p ens io n s eats  mus t therefo re be o rdered  p art-
by -part and later as semb led ; a pro cess  whic h can
take s everal mo nths . At p res en t,  there are o nly
two mo d els of fully as s emb led rep lac ement
ind ep e nd ent sus pensio n seats availab le; the
Maxxum air sus p ens io n s eat from Case
Inter natio nal,  an d  th e Gr amme r Air S u s p en s io n
S eat.  T hes e s eats  c an b e  retro fit ted  fo r v ario us
makes  and  mo d els  o f eq uip ment. Unfo rtunately,
thes e s eats  will only fit  on a flat  b ase.
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Ap p r o a c h

In s o lv ing the  uniq ue  s eatin g req uirements  fo r o p erato rs
wit h p hy s ic al  l imita tio ns ,  i t  is  imp o r ta nt to  an alyze  t he
op erator ' s  s p ec ific  needs ,  p artic ularly:

1. Balanc e: Does the o p era to r have go o d  up p er -
bo d y b alanc e? T his  is  imp o rtan t in d etermining
the ty p e o f s eat  c us hio n  that  will b e need ed  and
whether a c hes t  s eat  b elt  will b e need ed .

2. Ro tation o f up p er to rs o : Do es  the o p erato r have
the a b ilit y to  turn at  th e to r s o  to  s ee b ehin d  the
tr a c to r  wh e n p erfo rming field wo rk? This is
imp o rt ant in d et er mining if an y ad d it io nal
ac c o mmo d atio ns  will b e nee d ed to  s ee b ehind
the mac hin ery.

3. Reachins r: Can th e o p er ato r r eac h t he hyd raulic
c o ntro ls ,  fo o t c o ntro ls ,  s teerin g,  o r P o wer T ake
Off (P TO) co ntro l? Aga in,  th is  is  imp o rta nt in
d et er mining wh e th e r furt her ac c o mmo d atio ns
will b e need ed .

It  is  als o  imp o rtant to  analyze the o p erato r ' s  c urrent s eat
arrangement to  d etermine the typ e o f s us p ens io n that  the
s eat  has  as  well as  the make and  mo d el o f the trac to r. It
is  als o imp o rt an t to d e te r min e whe t he r  t h er e is  a  f la t
ar ea  t o  mo u nt  a  n e w s e at  s u s p en s io n  un it  a nd  wh et he r
the s p ac e availab le c an ac c o mmo d ate the need ed  s eating
mo d ific atio ns . T his  is  d o ne  b y  mea s ur in g t he  d is t an c e
fro m the seat  to  the s teering wheel,  c o ntro ls ,  c eiling,  and
flo or.

After c arefully ana lyz ing the uniq ue need s of the
o p erato r and the d imens io ns of the eq uip ment, the
fo llo wing s o lutio ns c an be exp lored in ma king the
nec es sary ac c o mmo d atio ns .

S eat S us p ens io n: In ma king ac c o mmo d atio ns for
mec han ic al s ho c k and  v ib ratio n it  s ho uld  b e no ted  that ,
if  t h e c urr ent sus p ens io n is hyd raulic and does no t
o p er at e in d ep en d e nt ly  o f  t he  e q u ip men t,  t he r e is  l it t le
t h a t  ma y  b e  d o n e to  imp r o ve its vib ratio n and  s h o c k
ab s o rp tio n as id e from an o verhaul of the hyd raulic
sus p ens io n. If the c urr ent sus p ens io n un it is a
mec hanic al s eat sus p ens io n an d  is mo un ted on a flat
b as e,  an ind ep e nd e nt  air  s eat  s u s p e ns io n  un it  c o u ld  b e
ins talled . S o me mec hanic al sus p ens io n seats c an be
o verh auled to inc reas e their vib ratio n and sho ck
ab s o rptio n.

Seat Cushio ns : Many farmers  who  have exp erienc ed  b ac k
injuries need s eat cus hio ns th at pro vide b etter back
sup p ort . Rec en t hu man f ac to rs  e ngine erin g has  yie ld ed
gre at  imp ro vement s  in s ea t  c us hio n d es ign  in  t he are as
o f a d jus tab le lu mb ar  s up p o rt ,  ad jus t ab le  thigh s up p o rt ,
and ad jus tab le a r m res ts. Seats in old er rno del
eq u ip me nt c an be rep lac ed with newer style
ergo no mic ally- d es igned  s eat cus hio ns . T hes e c us hio ns

c an  b e p u rc ha s e d  th ro ug h lo c a l ag ric u lt ur al  mac hine ry
dealers . Rep lac e ment s eats  f o r eq uip ment witho u t c ab s
c an  b e  o b tained  th ro u gh agr ic u ltu ral  eq uip men t d ealers
and  farm sup p ly s tores .

When s elec t ing rep lac e ment s eat  c us hio ns ,  fa rmers  with
back injuries prefer a cus hio n th at allo ws th em to
fre q ue ntly c ha nge  p o s it io ns  and  r um the ir le gs  at  lea s t
45 degrees wh e n ro tating their up p er torso. This
mo ve ment is nec es s ary in ord er to see b ehind the
eq u ip men t when  p erf o rmin g wo rk  t as k s . F armer s  who
have exp erienc ed  a high -level s p inal c o rd injury p refer a
s ea t  whic h is mo re co ntoured to their b o d y, as thes e
types o f seat  cushions pro vide b etter up per -bo dy s upp ort
and help the op erato rs feel mo re sec ure in
ac c o mmo d ating fo r their lac k o f b alanc e. Many farmers
who  h ave exp e rien c ed  b ac k  inju ries  s ta ted  that  the y d o

no t like a c o ntoured  s eat  b ec aus e it  res tric ts their ab ility
to  ro tate their upp er to rs o .

When mo unting s eat  c us hio ns  to  the exis t ing s us p ens io n
unit ,  1/8 -inc h p late s teel c an b e us ed  to  s ec urely fas ten
the seat  p an.

Other Acc o mmo d ations : A s wivel mec hanis m may also  b e
o f us e  as  it  a llo ws  the  o p er ato r ' s  s e at  to  tu rn up  to  45
d eg re es  in  ei th er d irec tio n  wh en  p e rf o rmin g t as ks  th at
req uire o ne to see b ehind the trac tor. , . t h o u g h the
s wive l mec han is m c an  b e ins ta lle d  und er  t he s e at  p a n,
no t all trac to rs  will ac c o mmo date it . Swivel mec hanis ms
c an b e o b t ain ed  thr o ug h e ithe r f arm eq uip men t d ealers
or lo c al junkyard s .

T here a re var io us  a c c es s o ries  av ailab le to  e limina te the
need  t o  tur n o ne' s  b o d y to  s ee b e hind  the tr ac to r  when
ho o king up to  eq uipment o r when p erforming field  wo rk.
Ad d itio nal mirro rs c a n b e  mo un te d  ins id e  a nd  o u ts id e
the trac tor to  p ro vid e a wid er field  of vis io n. Auto matic
hitching d evic es c an allo w the o p erato r to b e o ff as  muc h
as  2 feet  when ho o king up  to  eq uip ment.

Farmers who have exp erienc ed high -level sp inal cord
injuries  may  need  a c he s t  s eat  b elt  d ue to  la c k o f up p er
bod y stab ility. These belts  can b e fastened  to  the b ac k o f
the seat  c us hio n.

One fa r me r  wh o exp erienc ed a back inju ry nee d ed a
rec lining s eat . T he rec linin g me c han is m Was  o b ta ined
fro m a T o yo ta c ar seat . T he o rigina l s eat  o n t he trac to r
was  remo ved  and  a T o yo ta c ar s eat  was  mo unted  o n the
exis t ing s eat s us p ens io n unit .

When making ac c o mmo d atio ns  to  the tr ac to r s eat ,  there
exists the pos sibility th at the ac c o mmo d atio ns mig ht
interfere with effective us e o f  t he clutc h, brakes, and
steering whe el. As it is vital that s eating
ac c o mmo d atio ns  no t interfere with the o p erato r ' s  ab ility
to  s afe ly and  effec tively  o p erat e the eq uip ment,  f urther
ac c o mmo datio ns may be need ed . A teles co p ing tilt
steering wheel in the trac to r is  o ne s o lutio n whic h can b e

utilized . In ad d it io n,  the p ed als  c o uld  b e extend ed  if  the
s us p ens io n unit  r ais es  th e s eat  t o o  high. Ho wever,  in a
tracto r cab, it is very imp o rtant th at sufficient head
c le ar an c e  b e  a llo wed  fo r ja rring  in whic h  t he  o p er at o r
may b e rais ed up o ut of the s eat .

Few fanners affected by s p inal cord injuries have
co mp lained of skin b reakd o wn wh e n o p erating farm
mac hinery. So me believe th at this is bec ause the
co ns tant sho ck and vib ratio n exp erienc ed in the
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o p erato r ' s  s eat  ac ts as a n artific ial mas s age and  h elp s
increas e blood c irc ulatio n. So me farmers stated that
they us e their wheelc hair c us hio ns  o n the trac to r seat  fo r
ad d ed  p ro tec tio n. On e  f a r me r  c u t  a r e lie f  a r e a in  t h e
trac to r s eat  c us hio n to  ac c o mmo d ate a b ony p ro minenc e.
A s eat  c ushio n that is  c us tom -mad e to  c o nfo rm to  o ne' s
bo d y, s uch as the Co nto ur -U s eat ,  may b e d etrimental to
the op erato r sinc e all shoc k and vibratio n c anno t be
c o mp letely ab s o rb ed  and  the c us hio n mus t allo w fo r the
op erator 's up and d o wn mo ve ment wh e n perfo rming
tas ks  o ver  ro ug h ter rain. Cus to m fo rm - fitt ing cushio ns
might res tric t  this  mo vement.

Seat Ad jus tment Ac c ommod atio ns : Ind ep end ent
susp ens io n seats often have a height and we ig ht
ad ju s tme nt feat ure whic h auto matic ally ad jus t s  t o  t he
o p er at o r ' s  weigh t wh en  t he  t ra c t o r  is  tu rn ed  o n. The
height  o f th e s eat  is  o ften a d jus te d  via  ano th er c o n tro l.
T high sup p o rt and bac k sup po rt in the cus hio ns are
us ually ad jus ted b y  t u r n in g  a kno b . Ano ther c o ntro l
ad jus ts  the fo re and aft  o f the s eat  whic h b rings  the s eat
clo s er to,  o r further away fro m,  the s teering wheel. If the
seat do es no t rais e high eno ugh, a taller mo un ting
b rac ket c o uld  b e ins talled  und er the s us p ens io n unit . If
the  s e at  d o e s  no t  c o me fo r wa rd  eno ugh ,  t he  s e at  s lid e
mo u nt co uld be mo ved fo rward or a new fore -aft
ad jus tment with a lo nger slid e co uld  be ins ta:led .

Imp l i c a t i o n s & D i s c u s s i o n

As  mo re agric ult ural p r o d uc ers  who  hav e b een a ffec ted
by various typ es of limitatio ns choose to op erate
agric ultural eq uip ment,  mo re s eating a d ap tatio ns  will b e
needed . Unfo rtunately, ma ny agric ultural pro ducers
c anno t afford to b uy a new trac to r with an
ergonomically -  designed seat. An agric ultural p ro d uc er ' s
greates t as set in his /her business is him/hers elf,
th er ef o r e in ve s t me nt  in a safe and effec tive op erator 's
s eat  tha t  will d ec re as e p o te ntia l s e c o nd ary inju ries  and
increas e p ro duc tivity makes  go od  b usines s sense.

As agric ultural prod uc ers are enc o uraged to c o ntinue
farming as a way of life, ac c o mmo d ating phys ic al
limitatio ns in the op erato r' s s eat will prove to be
extremely imp o rtant for tho se op erators affected by
mo b ility imp airments . Agric ulture c o ntinues  to  b ec o me
less labo r- intensive, whic h res ults in a mo re viab le
oc c upation for ind ividuals affec ted  b y s evere dis abilities .
Res earch o n s eat ing ad ap tatio ns for agric ultural
eq uip ment is need ed . Manufac turers of seats for

agric ultural eq uip ment nee d  to  r ea lize th at  t he re is  a
gro wing mar ket for fully- assembled hu ma n factors
rep lac eme nt s eats

Co mfo rtab le s eats  s ell trac tors . "T he role o f engineering
is  to  make s ure that  the marketing s p ec ific atio ns  fo r the
seat  are met no t o nly to the s atis fac tio n o f the marketing
d ep artment,  b ut mo re imp o rta ntly,  to  the s atis fac tio n o f
the end user, the customer." (S tikeleather, 1981)
Ergonomically - designed seats th at are fully ad jus tab le
benefit everyo ne, no t jus t ind ivid uals with phys ic al
limitatio ns . Agric ultural prod uc ers and rural
rehab ilitat io n technologists need to co ntinue s haring
their exp erienc es regard ing s eating ac c o mmo d atio ns
with:  p ro d uc er s  wh o  hav e ex p erienc ed  new limitatio ns ,

agr ic ult ur al eq uip me nt  ma nu fa c tu re rs  an d  d ea le rs ,  a nd
other rural rehab ilitat io n tec hno lo gis ts .
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6.6
Functional Considerations for Portable Ventilator Users

Denis e Wagner, Jo e Lyno tt ,  P aula Kolar,  Kitc h Bamicle
National Rehabilitat ion Ho spital

Washington, DC
7ECRI,  Plymo uth Meeting,  PA

ABST RACT

As part of an ongoing evaluatio n of portable ventilators, many
pro blems related  to the use o f thes e d evic es  were identified.
It was  disc overed  that  many of the pro blems  as soc iated  with
ho me care ventilators are related  to  the ac c es so ries  used  in
conjunc tion with the portable ventilator. This paper discusses
issues that us ers and  clinic ians should be aware of when using
a ventilator and its acc es sories  on a wheelc hair.

INT RODUCTION

Many individ uals who use po rtable ventilators  have extens ive
medical and assis tive technology needs. The effort and
planning necessary fo r an ind ivid ual to  return to  the ho me
setting c an b e an overwhelming experience for the individual
and their family. Because there are s o many facto rs that must
be co ns id ered when returning ho me, d evelop ing an ad eq uate
means of transpo rting the us er to ac tivit ies  o uts id e the ho me
is  o ften d elayed  o r igno red  due the c o mp lex nature o f the
hos pital/home transitio n.

The importance of mobility to a ventilato r user's  quality of life
canno t be overestimated. T he equip ment need s fo r the mo bile
user depend a great deal upon the amount of time the
ventilator is  us ed. If the ventilator is only required  at night,
only spac e and electricity needs must be anticipated when the
us er is  p lanning to  s leep away from ho me. Ho wever, if the
ventilato r is req uired  24 ho urs a d ay,  s afe mo vement of the
ventilator, its batteries, the breathing tub ing, manual
resuscitator, and  any other necessary accessories must be
anticipated with every movement of the user. For overnight
or lengthy day trips, back -up power sources and other
equipment may also be needed.

WHEELCHAIR MOBILIT Y

Ventilator T rays
A ventilator tray that carries a portable ventilato r, the
ventilator 's  external b attery, and  po s s ib ly the wheelc hair ' s
batteries c an be attac hed  to  a po wer or manual wheelchair,
providing mo bility to the us er. The tray is  mo unted  to  the
wheelc hair' s frame under the seat. Several sizes  and types of
trays  are availab le c ommerc ially to  ac c ommod ate d ifferent
wheelc hair models , and  any additional equipment that must be
transported. Some homecare agencies or dealers prefer to have
the trays  custo m made or to  mo dify a co mmercially availab le
tray.

The ventilator and its  external battery s it on the tray.  Trays
may either b e fixed  o r they may slide out fro m b eneath the
wheelchair fo r easier acc ess  to  the b atteries  and  ventilator.
Mo st trays  have a lip  aro und the edge of the tray to prevent
the eq uip ment fro m falling o ff. It  is  ad vantageous  for the

ventilato r tray to have a metal divider or a separate b ox for
the battery, which separates  the battery from the ventilator so
that  fumes  emitted  b y the b atteries are no t taken into  the
ventilator 's  air intake manifold. Fumes which are taken into
the ventilato r' s  air  intake manifold  will b e d elivered  to  the
user's respiratory system and can cause permanent damage to
the air pas sages and lungs. Drainage holes in the tray will also
reduc e the risk of damage to the ventilator caus ed b y acid
spills.

Sec uring straps are nec ess ary to hold the ventilato r in place
and prevent it from tipping. Securing straps must not interfere
with the function of the ventilator by o bstruc ting the view of
alarm indicato rs or interfering with the op ening or c los ing of
a front panel if one exists.  Likewise, sec uring s traps must not
interfere with the func tio n o f the breathing tub ing by placing
tension on the tubing or b y kinking it. All ventilator trays are
not designed with s traps , d rainage ho les , or divid ers . These
features may have to be add ed by the user or supplier.

Ventilator carts are available for power base wheelchairs that
do  no t have s uffic ient s pac e b eneath their seats  fo r a tray.
This  op tio n is  no t o ptimal since the cart ad d s a s ignific ant
amo unt of weight to the rear o f the s ys tem and s ignificantly
increases the turning radius of the wheelchair.

Tub ing
Breathing tubes  should b e sec ured to the ventilator, the user,
and  the wheelc hair if  o ne is  us ed , bec aus e of the risk o f
accidental dis co nnec tion while the wheelc hair is moving.
Tubing sho uld be secured  by strap s to  the wheelchair or to a
supp ort  arm along its  length between the ventilator and the
patient s o that  it is not caught while p ass ing o bjects  such as
door handles, c bairs, or tables. Tub ing may b e accidentally
disconnec ted by a closing elevator door, the foot of someone
behind  the wheelchair,  o r b y rec lining the wheelchair to o far
and compressing the apparatus. For these reasons, the
orientatio n o f the ventilato r,  fac ing fo rward s o r fac ing up ,
must be considered. The safest pos ition for each individual's
ventilator should be selected according to his typical activities.
The characteris tic s o f the ventilato r and tray may dic tate the
ventilato r' s orientatio n.  F or example,  s ome ventilators have
po wer c o rd s  whic h interfere with p lac ing the ventilator in
certain desirable orientatio ns.

Accessories
Ac ces so ries s uc h as a heater, humid ifier, o xygen, s uc tio n
devic e,  and  a manual res us citat io n b ag may b e neces s ary.
While a jar type humidifier p ro vid es excellent humid ity, it is
uns afe to  us e d uring trans it  bec aus e o f the ris k of s p ills .
Sp illed  ho t water c an harm the user o r d amage elec tro nic
controls. Heaters  o nly wo rk p ro p erly when attached  to  a
humidifier. An artificial nos e,  which may als o be c alled an
in -line condenser or HME (heat moisture exchange device) is
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practical and  s afe for us e while mo bile and offers s uffic ient
heat and humidification for most ventilator us ers. An artificial
nose is unable to supply the highlevels of humidity commonly
sup plied by jar type humid ifiers. There are many d ifferent
artific ial no ses  available. Users may want to exp eriment with
different brands to determine whic h HME meets their
humidification needs.

Oxygen is p ortable in either gas or liquid  fo rm. Canisters of
oxygen gas  or containers of liquid oxygen should b e sec ured
directly to the frame of the wheelchair. Many ventilator users
find the liq uid  fo rm more c onvenient because of its  reduc ed
bulk and  weight. Depend ing o n the us er ' s needs, liquid
oxygen may b e more expens ive fo r full t ime us e.

For ind ividuals who require periodic suctioning and /or
manual ventilation, accessories such as portable suction
machines, suctio n kits , and manual resuscitators may be
secured  on the tray under the wheelchair,  o r hung in a bag
behind the wheelchair.

Car or Van T ravel
Whether or not a wheelchair is  us ed, if the ventilator is used
while traveling in a c ar o r van, it  must be s ecured . The
vehicle's seat belt or tie down system may serve this purpose.
Als o,  a c igarette lighter ad apter s hould b e us ed when in a
motor vehicle to conserve the external ventilator battery power
by connecting to the car battery.

Batteries
A po rtab le ventilato r has  three po ss ible so urc es  o f p ower.
These are an internal battery, an external battery, and A. C. or
line p ower. The ventilator s ho uld b e plugged into  the wall
whenever possib le in order to conserve both b attery s ources.
The internal battery can be exp ected to last 30 minutes to one
ho ur when fully charged. Fo r that reason, it  s ho uld  b e
reserved for emergency use and a fully c harged external
battery should always be available. Internal portable ventilator
batteries are lead acid batteries. These batteries slo wly
discharges o ver t ime when not in us e. Therefore, if  a
ventilator is not us ed freq uently, it should remain p lugged  in
to A.C . power to p revent accidental discharge.

The time the external battery lasts depends upon the properties
of the battery and how the ventilator is used. If used
continuously, with high b reathing rates and volumes, the
battery is drained quicker. Portable ventilators utilize 12 volt,
deep cycle, external batteries. The battery may be sealed lead
ac id  o r gel. Lead ac id  batteries generally las t  lo nger b ut
require mo re maintenance. Gel batteries do not carry the risk
of acid s pill and are allowed on aircraft but they will require
mo re frequent recharging. Battery maintenance activities,
inc lud ing charging, sho uld  be perfo rmed in a well ventilated
area away from the ventilator user. This is especially

imp o rtan t when o xygen is  in us e. When c onnec ting the
battery charger to either kind of battery or opening the caps of
a lead ac id  b attery to  c heck the fluid , care must b e taken to
avoid touching both p oles of the battery s imultaneously as this
may caus e sp arks , a fire, o r an exp losion.

Battery Chargers
Each ventilator requires an external charger which is
co mp atib le with the typ e o f b attery us ed . Care s hould  b e
taken in understanding the charging procedure. Certain
ventilators do  not charge the external battery while they are
plugged into a wall o utlet  unless they are in a "charge" mode.

DISCUSSION

Many d etails  must be add res sed  before a ventilator user c an
interac t safely with his or her c ommunity. With p ro per us er
and caregiver preparation and training most mob ility obstacles
can be eliminated. When the time comes to cho ose a means of
mobility it is important to conduct a comprehensive assessment
of the user 's tec hnolo gy and  accessibility needs.
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7.1 Safe Software in rehabilitation mechatronic and robotics design

William Harwin and Tariq Rahman
Applied Science and Engineering Laboratories

Alfred I. duPont Institute/University of Delaware
Wilmington, Delaware USA

Abstract

Software developed to fulfil the needs of research is
usually written with the intention of gathering data ei-
ther directly or as part of a device. Even well designed
software may contain flaws that prevents use in any-
thing other than the laboratory. In this paper we will
consider some methods available for improving the
safety levels of software, in particular those relating to
robotics applications, and discuss the practices of safe
software design in rehabilitation.
Whereas safety issues should not obscure research
questions, if they are considered early in a project it
will result in fewer difficulties and a higher level of
safety should the project move on to a technology
transfer phase.

Background

What is in a robot
The term robot derives from the Czech for slave and
has been applied to any number of machines ranging
from the mythical mechanical intelligence of Star
Wars to the domestic washing machine. Rather than a
definition we give some examples of what might be
considered rehabilitation robots. Few would question
the manipulators, and position controlled robot arms
designed or adapted to rehabilitation applications. and
an incomplete list might include the technologies
known as MANUS, DEVAR, REGENISIS and MAS-
TER [2]. However the wheelchair mounted manipula-
tor developed by Jim Hennequin does not contain a
computer [4]. Likewise the top range Permobile
wheelchair has an onboard microprocessor and is ef-
fectively a 7 degree of freedom manipulator. A pow-
ered prosthesis orthosis or exoskeleton can be
invested with machine intelligence and considered a
robot, as can a sophisticated functional electrical stim-
ulation arrangement, all be it that the motors are rather
more intimately attached. There is no reason why a
powered mouthstick should not be viewed as a robot!
Thus the term 'robot' is general and can probably be
interchanged with the word 'mechatronic' without
compromising meanings.

"A safe robot doesn't move "1
Absolute safety does not exist. Invariably it is a com-

1. Quote attributed to Hoc Kwee of The Instituut voor Revalidstie-
Vraagstttkken, Hoensbroek, Netherlands.

promise between benefit and perceived risks. The rol,
of the engineer is to maximize the benefit while keep-
ing costs and risks at an acceptable level. In rehabili-
tation this problem is made harder by the small market
and the potentially high levels of risk. The present
generation of robot devices will happily spill hot cof-
fee into your lap if given the instructions to do so. The
issue is whether the benefit of a refreshing brew is
worth the risk of giving the wrong command to the
machine. However with a complex technology the
risks vairy dependent on the hardware, software, lack
of maintenance or training.
The software does not exist in isolation. Software re-
quires hardware and possibly also an operating sys-
tem. Figure I shows the interconnections between the

Software

Operating system

Computer hardware

Interface electronics

Robot hardware Machine senses(sensors) Active control +

Environment User

Figure 1: Hierachiy of software control

software, computer, sensors, actuators, user and envi-
ronment. Safety of the physical components, the inter-
face electronics, computer(s) and sensors can be
assessed with techniques such as failure mode and ef-
fect analysis (FMEA), fault tree analysis (FTA), haz-
ard and risk analysis, and reliability modeling. For
examples see [1], and the military handbook 217 [5].
Figure 1 includes a representation of active controls
since a control may transfer power to the user, a prin-
ciple widely known as extended physiological propri-
oception (EPP).
Safety at all levels is not the consequence of quality,
rather it requires effort to identify risks and minimise
the consequences. Safety is a forum where concern
should be voiced, identified and addressed.

Methods of software safety

A design dilemma Co=1exily cost trade -off
The relationship between cost, functionality, reliabil-
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Table 1:

SPADE ISO
ADA Modul C Structured

Pascal Pascal
a2 assembler

Prevents memory overwrite ✓ r r ( ) r ( ) X r
Has a consistent maths with the consequence of ✓ r r ( ) r (r) X r
overflow, underflow etc. well defined

Has strong data typing ✓ r ✓ (✓) r ( ) X r

Exception handling X X ✓ (✓) r (r) r X

Will detect stack or heap overflow and similar ✓ r X (r) r (r) r ✓
exhaustion of memory

Separate compilation and type checking between r r ✓ (✓) ✓ (V) X X
modules

Has language constructs that are well understood ✓ ✓ ✓ (r) I✓ (✓) r X

ity and safety is complex and not as linear as indicated
in figure 2. This figure does however represent the de-

Low costs

4 2 / 5X3/5 SafetyReliabil 3/3

X 4 / 5115 5/5

High cost

Figure2:Reliability— Safety —Cast triangle
Arability of having duplex, triple and multiple units
available. Thus a system that requires 1 out of 5 units
to function is highly reliable, whereas a 5/5 system is
considered more safe. The redundancy can vary from
multiple processor systems such as the Airbus fly-by -
wire airplanes which requires a majority verdict
among the 4 onboard computers (3/4), to multiplexing
the transducers on a joystick to guard against wire or
position failure.
Most rehabilitation equipment appears near the apex
of the triangle. In rehabilitation robotics several
projects use the practical compromise of installing a
watchdog that ensures the software is in control.

Formal methods

Formal methods are increasingly used to define the
structure of a computer program and to evaluate that
structure once code has been written. Formal methods
have a solid foundation in set theory and this can be
used to make predictions about the interaction of dif-
fering elements of the code. The two most popular
languages for writing a set of specifications are Z and
VDM. Other languages include OBJ, META -IV,
Structured Analysis Design Technique (SADT) and
LOTOS.
Once a formal specification has been written it can be
validated to ensure it has correctly captured the re-
quirements. The next stage is to verify the specifica-
tion to ensure it is consistent. It is also possible to
verify the specification of one part of the system with
the specification of a second part of the system. For
example one part of a formal method would ensure
that joint velocities are not to exceed a given level and
the specification of a straight line motion may specify
an infinite joint velocity. The formal methods do not
dictate how the program will be written rater they are
used to identify inconsistency before coding begins.

Software languages
Once code is written software tools are available to do
static code analysis (ensuring that variables are initial-
ized) or identifying loop invariants (variables that
should not be effected by the loop). This assumes the
choice of language and table 1 is a composite of the
results of Cullyer, Goodenough and Wichman
[3] on seven desirable characteristics of a safe lan-
guage.
A   in the table indicates that the feature is accept-
able, an r indicates that the feature is available but
there is still a risk and an X indicates that it is absent.
Software for safety critical applications is often writ-
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ten in a safe subset of a language thus the language
SPADE is a subset of ISO pascal. Bracketed marks for
ADA and modula2 show the results for a safe subset
of these languages.
Cullyer, Goodenough and Wichman refused to rate
C ++ in their paper because any C program is a C++
program so was already rated. Pragmatically C++ is
likely to become a widely used language and a safe
subset may be identifiable. C ++ has desirable charac-
teristics in its strong data typing, independence be-
tween modules and, by overloading the bracket
operator, prevention of memory overwrites. For appli-
cations requiring high security it is unlikely that a
C ++ subset will match the qualities of SPADE or the
ADA and Modula2 subsets.

Legislative guidelines
In the USA all rehabilitation devices come under the
auspices of the Safe Medical Devices Act as adminis-
tered by the Food and Drug Administration (FDA)
and although this legislation is aimed at approving de-
vices to market, rehabilitation software developers
should be aware of how this legislation is organised.
The FDA recognises three levels of risk to a person.
1) minor, little risk of injury either direct or indirect,
2) moderate, life threatening or causing permanent
impairment or damage and 3) major, risk of death.
The Act requires a manufacturer to provide 'paper
trails' for a devices following sale. These paper trails
allow data to be gathered to establish levels of safety
and assessing the manufacturer's claims. In robotics
part of the paper trail could be a data trail similar to
that in place in DEVAR, whereby every event that oc-
curs in the system is logged into a file [4]. Such a
monitoring scheme could record all the robot's move-
ments so data could be collected on safe practice and,
should a serious malfunction occur, the conditions
that cause the malfunction could be reconstructed.
The FDA does not specify methodologies and they are
likely to use existing standards when they need to as-
sess new devices. The current standards relating to
software design in the USA are ANSI [6] 828,829 and
730 and the military standard 882B [5].

The user interface
An important consideration in rehabilitation robotics
safety is training the user to a point where the opera-
tion of the robot is transparent to achieving the task.
The user should ultimately be able to have a good con-
cept of when the robot will move and the consequence
of that movement.
Given the complexity of the robot it is usual to exper-
iment with an input and judge the consequence of the
action from the resulting movement but under some
conditions this strategy is not appropriate.

The user interface must be reliable; that is if the user
intends to initiate a particular command there must be
a high probability of the correct action being initiated.
For example it may be easy to achieve a reliable inter-
face for a spinal cord injured person using residual
hand motions or voice command but the same reliabil-
ity is achieved at the expense of time to register a
command for a person with severe athetoid cerebral
palsy using a keyboard or switch combination.

Discussion

This paper has necessarily been a superficial review
of considerations in software safety. In rehabilitation
robotics and mechatronics there are possibilities for
safety linked to research. All data comes to the com-
puter via sensors and although these sensors deliver
appropriate information the machine is not able to in-
terpret it correctly. Thus although the computer may
listen and see the robotic device spilling coffee into
the user's lap, this fact will not register. Modern pat-
tern recognition techniques may be able to improve
machine intelligence! Research on the machine inter-
face is needed and EPP principles, whereby force in-
formation is reflected back through the interface, offer
a promise but the safety of EPP devices is as impor-
tant as the safety of the robot it controls.
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INTERACTIVE ROBOTICS IN A CAD WORKSTATION

A Finlay, J -M Detriche, G Bolmsjo, T Jones, and R D Jackson

ABSTRACT

The paper describes a CAD workstation designed
for individuals who use wheelchairs for mobility
and who have little or no upper limb function. The
workstation includes a general - purpose robot for
paper handling and other tasks.

BACKGROUND

A project on the development of a robot - assisted
workstation has recently started under the
European Community rehabilitation engineering
initiative TIDE (Technology for the socio - economic
integration of disabled and elderly people). The aim
of the project is to build a self- contained vocational
workstation for a disabled user. The workstation is
to be used for CAD and desk -top publishing and
other graphical layout tasks, although in its initial
form will target CAD applications. The project has
been given the acronym RAID - robot for assisting
the integration of disabled people. The initial, pilot,
phase of the project is scheduled for completion in
early 1993.

This paper describes the state of the project shortly
after it began in December 1991. The project does,
however, build both on previous work on office
workstations accessible to people with severe
upper limb motor disability [1,2] and on the
substantial experience of the partners in the RAID
consortium in this field. The partners have
experience in the design of workstations for
domestic, office and workshop tasks [3,4,5]. The
paper is largely based on the user requirements
specification which has been prepared following
input from all members of the consortium.

STATEMENT OF THE PROBLEM

Design office work using CAD packages is an
activity which is accessible to many people with
severe motor disabilities. Applications can vary
from mechanical engineering design, through
electronic circuits and microcircuits to the field of
desk -top publishing. Computer access methods are
already well developed and improving fast and
openings for people skilled in computer - assisted
design methods are likely to grow. Although much
of the work in a typical design office is screen -
based, some interaction with books, drawings and
other methods of communication is essential. For
this interaction, a desk -top robot can offer a
general - purpose solution. The RTX robot will
form the basis of the workstation.

7.2

The system is intended for users who use
wheelchairs for mobility, but who have insufficient
upper limb functions to be able to operate a
computer workstation unaided. They should have
at least two degrees of movement available. Typical
interface methods are joysticks, roller balls and
chin sticks. It is anticipated that many users will
operate the workstation from wheelchairs, using
the wheelchair controller via an infra -red link.

DESIGN CONCEPT

The user input and feedback will be via a PC,
using a single screen. To allow multiple program
control, including control of the robot and other
peripherals, a graphic environment such as
Windows will be used. The robot will operate
under direct or pre - programmed control, using sets
of defined procedures to perform repetitive tasks.
The main tasks now being planned for robot
assistance are those in which the members of the
consortium have established prior experience.

These tasks are paper handling, including collation
and filing, selection of manuals and their transfer to
a reader board, page turning and telephoning.
Some personal functions, such as fetching a
mouthstick, pouring and serving drinks, will also
be available on the RAID prototype.

It is intended that the user should be able to start
and stop working with RAID without the help of
an attendant, although some supervision and help
will be necessary in setting up the working
environment. The workstation design will make it
accessible to non - disabled users.

Safety of the robot system is a prime consideration.
The workspace of the robot itself should not
intersect the user space, but certain articles, such as
a mouthstick, which can be held by the robot will
have to reach the user. Special consideration will
be given to procedures using articles which can
reach the users space. Ways of calling for
assistance and an emergency stop under user
control form part of the prototype
definition.Evaluation and conclusions.

The limited timescale of the TIDE pilot phase
means that the prototype workstation will draw
mainly on tested hardware and software packages.
Interaction with users during the design and
construction stages will be via a reference group of
potential users, five of whom are tetraplegic and
two of whom have cerebral palsy.
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A set of trials on the prototype workstation will be
carried out by members of the reference group in
early 1993.
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KINEMATIC ANALYSIS OF POWERED UPPER- EXTREMITY ORTHOSES

Carolyn R. Anglin, Douglas P. Romilly,
Raymond G. Gosine Cecil Hershler
Dept. of Mechanical Engineering School of Rehabilitation Medicine

University of British Columbia, Vancouver, B.C., Canada

ABSTRACT

Achieving the functionality, strength and aesthetics of the
human arm in a practical orthosis design is  currently
impossible. The most significant and necessary
compromise is in the choice of available degrees  -of-
freedom (DOF). The accessible  task space must be
traded against the controllability, complexity, weight and
cost of the device. Both extremes of the spectrum will
lead to rejection of the device. Determining the optimal
set of DOF analytically will not only allow a conclusive
decision to be made but will permit many design
iterations beforea device is designed or built.

A survey of potentia l users  as  well as past surveys
reported in the literature (1-6) were used to establish a
set of task priorities. A motion analysis study will be
performed to establish the movement of the arm and the
corresponding changes in joint angles as able- bodied
people perform the top -rated tasks. A kinematic analysis
will be applied to this data to determine which DOF are
needed to reach the target positions (e.g. table, mouth,
reach). The research will attempt to identify both the
"component" movements that form the basis of the tasks
and the potential for coupling certain DOR

BACKGROUND

Since a wide range of upper limb dysfunction may exist
in the disabled user population, it was deemed necessary
to define a representative user profile for design
consideration. Therefore , during the  course  of this
research, the potential user of a powered upper -limb
orthosis is assumed to have two completely flail arms
while still retaining adequate range -of- motion. It is also
assumed that only one arm will be provided with
function.

Based on the survey results, the following task groups in
order of priority have been defined as:

1. Reaching/ Picking up objects;
2. Personal Hygiene

(brushing teeth, washing face, combing hair,
applying makeup, shaving, scratching and
blowing the nose);

3. Eating / Drinking;
4. Holding the arm in a given position

(keyboarding, TV remote, telephone,
environmental control, painting);

5. Preparing food;
6. Toileting;
7. Turning pages; and,
8. Dressing.

While the ability to dress and toilet would contribute to
greater independence, they have been deemed outside
the realm of a practical orthosis. Transference to the
toilet usually requires great strength (far above the

7 . 3

orthosis design criteria) while dressing has been
discarded due to its complexity and because it normally
occurs only twice a day when a helper would normally
be available. Vocational, educational and recreational
activities have not been directly included. Many of the
actions, however, are equivalent to the daily - living tasks
listed and therefore may fall within the capabilities of the
resulting orthosis.

In order to assess the required task space, the actions of
able- bodied people executing representative tasks from
task groups 1 -5 & 7 will be recorded using two video
cameras (see  Figure 1). Reflective markers will be
attached at each of the subject's joints as well as on the
objects themselves to allow motion data to be collected.

Figure 1: Motion Analysis Setup

The resulting images will be processed to reconstruct the
movements in three - dimensional space (the software has
been largely adopted from the Biomedical Engineering
Laboratory at the University of Manitoba (7)). Stick
figure diagrams and angle -time graphs will be used to
analyze the  data. Further s tudies will determine the
component movements common to many tasks, with
implications  both for control and for actuation. For
purposes of evaluation and comparison, the tasks will be
repeated, where possible, with the recently designed
Hugh MacMillan Rehabilitation Centre powered orthosis
(8).

STATEMENT OF THE PROBLEM

The objective of the project is to discover the optimal set
of degrees -of- freedom required to achieve the tasks
defined. There  is currently no definitive  answer as
previous efforts to do so have been compromised by
computer capabilities of the time, by not consulting the
disabled population for task priorities, and by the lack of
positional and path data specific to the tasks.
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Building a powered upper -limb orthosis with too many
degrees -of- freedom leads to an overly complex, costly
and heavy design. Furthermore, if the  device  is  too
difficult or fatiguing to control it is certain to be rejected.
If, however, the  orthosis  has too few DOF to perform
critical functions it is also likely to be rejected.
Therefore, the goal is to optimize this cost /benefit ratio
in relation to the selection of DOF.

PREVIOUS KINEMATIC ANALYSES

One method of approaching the problem is to develop a
kinematic model of the orthosis. Much work has been
done in the robotics field to produce forward and inverse
kinematic solutions for common robot geometries.
Unfortunately, unlike robotic manipulators, the  human
arm has res tric ted joint limits. The human wris t , for
example, does not have the complete rotation that makes
robotic  endpoint positioning and orientation rela tively
straight - forward. Standard solutions therefore cannot be
adopted.

Engen conducted a  comprehensive motion analysis of
able - bodied people performing table -to -mouth feeding,
hair grooming, page turning, writing and diagonal
reaching (9). Based on the results, the importance of
providing and allowing shoulder movement was
highlighted. The elbow, by contras t, can be fixed at a
given location for a particular activity without much loss.
It was also noted that pronation /supination and wrist
flexion /extension should be powered to allow for finer
movements. Engen's prototype orthosis was
implemented with a high level of success. While further
analys is  was  beyond the scope of Engen's  work he
recommended that it  be given priority. The advance of
computers makes that currently possible.

The complex three DOF shoulder motion were studied
by Enger (10) with the objective of compressing the
required motion into a single turn axis for prosthes is
design. Using geometric relationships, a specially -
designed mechanical device and s tereometry, his team
determined that a 45° turn axis  would bring the  arm
from the side "table" position to the front "mouth"
position. Elbow flexion (coupled with ulnar /radial
deviation), forearm rotation, wrist flexion and grasp were
incorporated into the  prosthesis as  well. Clearly this
simplified the shoulder mechanism and control, but only
allowed for eating -like activities.

Based on recording and rating the everyday activities of
17 able- bodied subjects, McWilliam (4) identified 180
tasks as the  mos t important for daily living. The
endpoints of each action as well as any essential paths
were noted through observation (11). Using observation
only, however, leads to a non - quantitative
characterization of the task movements. Dressing tasks
were  a lso included, leading to a  much different task
space than for this project. A mechanical model was
created to test various selections and combinations of
axes against the task requirements, undoubtedly a time -
consuming process. The resulting minimum
requirements  were: shoulder flexion/ extension, upper
arm rotation coupled with abduction, elbow flexion,

forearm rotation, wris t flexion and grasp (12). Since
people with disabilities were not consulted to define the
importance of the tasks, however, the applicability of
these results is placed into some question.

It is clear, then, that a new kinematic analysis is required
with specific motion data for tasks defined directly from
the potentia l users  and to take advantage of more
advanced computer capabilities.

APPROACH

A generic model of an upper - extremity system (see
Figure 2) has been developed based on robotic analysis
techniques. The grasping location is defined by
supplying each joint angle to a forward kinematic
transformation for the  device. By then applying an
iterative optimization routine to this model, the angles
corresponding to the closest approach to a desired point,
within the joint limits, can be discovered.

Humeral Rot.
Shou ld er Ab /Ad
Sho uld er F l / Ext

A 1
Pro / S u p i n a t i o n

Elbow F1 7Ext
Wrist F1 /Ext

R/U De v i at i o n

Figure 2: Upper - Extremity Model

Key points  will  be tes ted to determine the  range of
motion of the "arm" given the degree -of- freedom
configuration and joint limits  being analyzed. The
primary focus will be on a) the table level, b) the mouth
level and 0 the reach forward position. The underlying
assumption is that if the  user can reach each of two
points then some path can be found between those two
points. This assumption will be verified at a later point,
but means that the orthosis is not restricted to following
the typical able - bodied path. No trunk or head
movement is assumed so that such compensatory actions
are not required of the disabled user. The secondary
focus will be on reaching d) the top of the head, e) the
table, in different orientations and f) towards the left and
the right. Other extremes of the task space as defined by
the motion analys is study will also be  examined as
necessary.

The resulting configurations will be checked for possible
alternatives which achieve the same endpoint and
whether the configuration accounts for obstacles such as
a table. Sensitivity to the exact positions tested as well
as the sensitivity to limb segment lengths  will also be
investigated. joint limits will be adjusted to determine
minimum requirements.

Coupling of individual DOF is a powerful way to
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decrease the number of degrees -0f - freedom while still
maintaining functionality. Potential relationships and
"component" movements will be derived from the stick -
figure and angle -time graphs generated from the motion
analysis. Three- dimensional plots will be constructed of
the task space in order to define the motion envelope for
both single and multiple tasks. The number of degrees -
of- freedom will be successively reduced until the
minimum possible has been established for satisfactory
performance over a range of tasks.

In addition to videotaping the typical motions required
to perform the tasks, those tasks that can be simplified
with common daily - living -aids, particularly eating and
drinking, will be videotaped. If the kinematic analysis
demonstra tes  that fewer DOF are then required, this
tradeoff will be seriously considered.

As a final application of the kinematic analysis, the Hugh
MacMillan orthosis  will be  analyzed against the task
requirements to evaluate its level of mobility and
function.

DISCUSSION

Powered upper -limb orthoses have numerous benefits.
These include increased independence for the user, an
increased sense  of dignity and worth and a reduced
burden on caregivers. The device will be readily
discarded, however, if it is not functional and reliable or
if it is too inconvenient, tiring or costly. The
development of an orthosis based on a sound task and
kinematic analysis will increase the functionality of the
device and lead to an increased chance of acceptance by
the end user.

Our team's final goal is to design a new powered upper -
extremity orthosis. Five prototypes  will be built  and
then tested in clinical trials. As a preliminary step, two
Hugh MacMillan orthoses have been built to fit one of
the authors. One of these will be modified to incorporate
incremental design improvements. The modified version
will be compared to the original design for both
subjective and objective evaluation. The experience
gained will be directly applied to the development of the
new powered upper - extremity orthosis.
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7.4
THE SELECTION OF ENVIRONMENTAL CONTROL SYSTEMS

J. Sco tt Bentham,  William D.S.  Brereto n and §Richard  A. S apacz
Rehabilitatio n Engineering Department,
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§1010 Sinclair  Hous ing inc. , Winnip eg,  Canada

ABST RACT

Cho osing or designing a suitab le environmental c ontrol s ystem
to  meet the need s  o f peo p le with s evere d is ab ilit ies  req uires
careful cons ideration of the user's abilities, resources and
changing need s. It was  therefore d ecided, through c onsultation
with c o ns umers and  health c are p rofess ionals , to  d evelop  a
strategy to address these needs. This process has been
successfully app lied to the des ign and installation of an
environmental c ontrol s ys tem.

BACKGROUND

For people with physical disab ilities the past decades have seen
a signific ant inc rease in c ommunity living options. T he demand
fo r these op tions  has  lead to  the d evelop ment o f c ommunity
based  s upp o rt  servic es  and  to  a rapid ly inc reasing variety o f
tec hnic al aid s. Ind ivid uals  are leaving ins titutio ns to  live in
various forms o f alternative housing s uch as  group  ho mes , c o-
ops, integrated apartments or private res idences. Technical aids
are vital to the perso n with a severe disability who is  living in
the co mmunity. The ab ility to control the immediate
environment is the key to the independent organization o f
perso nal needs  and ac tivit ies. To meet this  increased d emand
fo r tec hnical aid s, a large variety of environmental control
systems (ECS ) and peripherals ranging fro m the simp le to the
co mp lex have bec ome availab le.

STATEMENT OF THE PROBLEM

With the increased variety of ho using options and the expanding
assortment of tec hnic al aid s , advice for their selection and
installation is cons tantly b eing sought by c onsumers  and  health
care pro fessionals  (1,2).

The sp ecific need s of a pers on with a severe disability will vary
dep ending upon their immediate circums tanc e. A perso n with
a rec ent high -level sp inal c o rd  injury has  d ifferent needs  fo r
technical aid s in a hospital environment than he/she will have in
the c o mmunity. Similarly, peop le with pro gres s ive neuro-
musc ular dis ord ers may have an increasing dependence on
technolo gy to  maintain their ind ep end enc e in the ho me. The
evaluatio n and s elec tio n o f ap pro priate eq uip ment,  given the
changing need s o f the dis abled pers on,  proved to b e d ifficult.

For circumstanc es  requiring minimal technic al as sis tance there
are s everal o ptio ns, including single switch devices to interface
with hosp ital nurse calls o r to  o perate equipment such as
telep ho nes  or T V' s . Fo r increased need s, ECS' s  c an range
fro m s ys tems  with ad vanc ed info rmatio n s to rage and  vis ual
displays, to personal computer -based systems with near limitless
potential. Some of these d evic es  are extremely well b uilt  and
reliab le while others are o f v ery poor quality. Price or

exp ensive ad vertising is  no t always an indicator of q uality or
function.

SOLUTIONS

The views of co ns umers , therapists , perso nal attendants  and
others  were integrated to  o b tain a p ro file o f the d es irab le
charac terist ics of an ECS (3). This p rofile has been useful in
the selection of environmental c ontrol prod ucts.

Operation of an environmental co ntrol b y the user sho uld be
simple to unders tand and s imp le to use. The variety o f
switches commercially available ranges from basic push- button
styles to the more c omplex,  for example EMG or eye - motion
switches. For use in bed, push - button type switches require
ac curate and  s ecure plac ement within the user 's  target  area.
During sleep , user movements may cause acc idental activation
or may result in the switch being moved outside the target area.
A sip /puff switch on a Flexible mounting bracket reduces many
of these problems. It can eas ily be ad justed fo r ready ac cess
by the user after he /she is  repositioned in bed and is  immune
to false triggering.

From a wheelchair,  the mos t convenient access to an ECS is a
wir?less  remo te co ntrol inco rp orating an ap propriate switc h.
An enc o ded rad io  freq uenc y remote c ontro l allows the user
sec ured acc ess  to  their s ys tem fro m anywhere around their
home. The us e o f an infrared remo te contro l requires line of
site operation to the receiver, thereby limiting the us er ' s
mob ility when operating their enviro nmental control unit.

The actual sequence of switch closures used to operate the ECS
should be consistent. A simple sequence is  easier to learn and
will quickly become second nature to the user. As an example,
turning o n a T V,  telep ho ne,  o r lamp  s hould  all us e similar
switch activation sequences.

Visual displays, available on most ECS's, s hould clearly show
the current status of the system. There should also he auditory
feed back to  allo w the user co ntrol o f the ECS,  for example
from another room,  without referenc e to  the visual display.

Fo llowing the init ial eq uipment set up, the system s ho uld
require lit tle attention from family memb ers or personal
attendants. Ap plianc es ,  s uc h as  lights  that  interac t  with the
ECS  should b e s imp le to contro l b y o thers without having to
follow a complex s equenc ing ro utine. Frustration for both the
user and  the personal attendant will result if , for examp le, the
telep ho ne dialer o r TV c hannel memory is co mp licated to
reprogram. The s imp le rep os it io ning of switches may b e
required periodically,  but frequent critical pos itioning of head
pointers or sens ors increases the responsibility of the user and
can be a major cause of system rejection.
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Consumer pro ducts are mad e to  be c os metic ally appealing as
well as  functional. An ECS  packaged in an industrial box with
a poor or unmatc hed finish should be no more ac ceptable in the
home than a poorly p ackaged or unattractive stereo.

The ECS used in an ind epend ent living environment beco mes a
vital part o f d aily planning and activity. Reliab ility and
servicing are therefore important at tributes. The attendant call
(whic h may be a b uzzer or a telep hone) should  be adap table to
the us er' s  inp ut s witc h if  the ECS  is remo ved fo r rep air o r

modific ation.

Installation of an ECS should not require major home
renovation. The use of wireless interconnectio ns such as X -10
light and appliance controls, and the use of standardized
equip ment can reduce the time required fo r installat io n. Less
co mplex installatio ns c an be c arried  o ut witho ut the help o f

technicians and engineers.

Standard izing the ECS used in a given geographical region has
several benefits. Consumers can exchange their knowledge and
exp erience concerning the s ystem witho ut referring b ac k to
therapists or engineers. Therapists can become familiar with the
characteristics of a system and so become proficient at
instructing users and even setting up sys tems.

Stand ardization of equipment that allows  for flexibility to meet
the ind ivid ual need s of a variety of users  will help  ens ure it 's
success. Fo r examp le,  the ECS that  c an c o ntrol one o r two
lights and a TV in a nursing home should also be able to handle
several lamps , appliances , telephones,  TV's, intercom and door
lock by the simp le add ition of peripheral equip ment.
Standardized pneumatic and padd le switc hes can satisfy the
needs of many cons umers. The benefits of standardization are
many: retraining on different eq uipment is eliminated; financial
savings are realized by exp and ing rather than replacing
equipment; and those wo rking with the individ ual beco me more
pro ficient with the eq uipment. Systems that are to o complex
create their own problems by making professionals reluctant to
work with them and by b eing c onfus ing fo r the user. Complex
or c us to m devices are b es t  s uited  to  tho se who c annot us e

standard equipment.

AN APPLICATION OF THE SOLUTIONS

After reviewing many commerc ially availab le systems, and with
regard  to o ur expertise and  financial limitation it was decid ed
that our clients would best be s erved by d esigning and building
our o wn enviro nmental c o ntrol sys tem. The -Environments]
Sselect  and Qperate Micro- controller (  ENSOM) is  the heart of
the ECS that was developed to  meet the needs in Manitoba.

The ENS OM is able to  s can fro m two to  ten c hannels  at an
adjustable rate. It takes advantage of the X -10 POWERHOUSE
for controlling lights and  appliances. Many one and two input -
switch p eripherals  availab le from various manufactures  can be
op erated  through the ENS OM. This enab les  the user to  take
advantage of sp ec ialized  equipment that may b e needed while
retaining a standardized system. Based on the MC68705 micro -
contro ller, the ENS OM can be reprogrammed to meet

specialized needs  where necessary.

CONCLUSION

These guidelines for environmental controls have been
developed through cons umer and professional inp ut and
extens ive c ommunity exp erience. The app lic ation of thes e
guidelines has led to the successful installation of environmental
co ntrol systems  in recent years . The guid elines  were als o
applied to the development of the ENSOM that has been in use
fo r o ver two  years . Follow -up s have shown that users and
health care professio nals in Manitoba have reac ted with a high

degree of satisfaction and  acceptance.
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7.5 AN INTE RACTIVE ROBOT QUANTITATIVE ASSESSMENT TEST

R. M. Mahoney, R. D. Jackson
Cambridge University Engineering Department

Cambridge, England

INTRODUCTION
The Rehabilitation Robotics Group at Cambridge
University is working in conjunction with the
Papworth Group Assessment Centre to identify
and evaluate employment in the manufacturing
industry which may be accessed by physically
disabled individuals through the introduction of
an interactive robot system [ 1]. An aspect of the
overall employment placement process which is
being addressed as part of this project is the
assessment of the vocational skills of a potential
disabled employee [2].
This paper describes the development of an
interactive robot quantitative assessment test
( IRQAT). The purpose of the IRQAT is to
provide quantitative measures of an individual's
ability to control a robot performing a rigidly
defined task using a range of control approaches.
BACKGROUND
Assessment of potential employees is common
practice within industry. The Valpar tests [3] are
typical quantitative assessment tests administered
by evaluators to measure specific abilities of
prospective employees. Although the results of
these tests do not provide complete knowledge of
an individual's aptitude for a particular job, they
do provide insight that is useful when considered
with other evaluation criteria.
Occupational therapists make use of assessment
tests when evaluating the abilities of patients
undergoing rehabilitation. The Jebsen Hand Test
[4] and the Box and Blocks Test [5] are examples
of tests developed to provide therapists with
quantitative evaluation of manipulation motor
skills. These tests are used as part of the overall
evaluation of the individual and the experience of
the therapist is critical for appropriate
interpretation of results.
Assessment tests which have been developed for
teleoperators used in space and underwater
applications provide relevant input to a test for a
rehabilitation robot system. Hannaford, et.al.,
[6] have identified two types of tasks used for
teleoperator assessment: generic tasks and
application tasks.
Generic tasks are idealized, simplified tasks that
are designed to test specific telemanipulation
capabilities. Application tasks are designed as
much as possible to mimic real -world uses for
teleoperation [7].

G. Dargie
The Papworth Assessment Centre

Papworth Everard, England

Hannaford, et.al., evaluated teleoperator
performance using generic tasks on a censored
testboard. The tasks included peg -in -hole
insertion, velcro attachment of blocks,
manipulating electrical connectors, and
manipulating a bayonet connector. A set of
performance measures were evaluated to
determine the effect of varied control capability
on task performance.
NASA has sponsored several projects aimed at
investigating the impact of end effector
technology on telemanipulator performance
[8,9,10,11]. NASA, however, has not
standardized its approach to generic task
assessment.
The Rehabilitation Robotics research community
has made little use of standardized assessment
tests of generic tasks. Evaluation of systems has
been largely through a qualitative, application
approach. The main source of evaluation results
has been through surveys of operators of a
system and of a trained observer during clinical
studies [12,13,14 to name only a few].
A notable exception to this is the work of King
[15]. King made use of a test platform
consisting of goal positions to quantify the effect
of various control axes on end effector
positioning ability.
PROPOSED ASSESSMENT TEST
The IRQAT is intended to provide a standard
quantitative measure of an individual's ability to
control a robot to perform a generic task. The
design of the IRQAT is based on previous
experience in adapting a robot system to
interactively perform the Valpar Tri-level
Measurement Test [2]. This was intended to
demonstrate the concept of interactive robot
control and did not result in a standardized test.
Figure 1 is a drawing of the IRQAT, which has
been constructed out of wood and is designed to
be conveniently stored and transported. The
IRQAT consists of an output rack which holds
ten wooden dowels of 0.25 inch diameter, a 40
inch high barrier wall, and an input rack with ten
holes into which the dowels can be fitted. The
tolerance of the holes is large so that the dowels
fit loosely.
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Figure 1: Sketch of the IRQAT setup.

The IRQAT will initially be used to evaluate an
operator's ability to control an interactive robot
system using various levels of menu control. This
form of control is being investigated because a
disabled operator will be physically unable to
generate the input signals for direct coupling to the
full degrees of freedom of the task.
A baseline standard for comparison will be
determined from autonomous operation of the
manipulator. This is in contrast to the standard
determined by Hannaford in [6] which is based on
performance by the unaided operator.
The CURL robot control language [17], controlling
the UMI RTX robot, will be used to provide task
level menu -driven control. CURL allows an
individual to specify robot end- effector commands
in terms of pre- defined objects and goals in a semi -
structured environment. Task level commands,
however, may be provided at various levels. For
instance, a series of commands which would
perform part of the IRQAT task could be as
follows:

move right. (stop indicated through ese key)
move down. (stop)
grasp 40.

move down. (stop)
grasp 0.
move up . (stop)
move left. (stop)

And so on. These commands are relatively low
level. The same sequence of motions could also be
accessed through the following series of
commands:

pick up pegl.
move above the barrier.
move above holel.
pitch 0. (absolute position command)
roll 0. (absolute position command)
move down. (stop)

The second sequence of commands requires
defining objects and locations in the environment
and serves to demonstrate how the same task can
be explained to the system in different ways.

For a highly structured system, the task level
commands can become very concise. For example,
the peg to hole task could simply be:

move pegl to holel.

Lower level command sequences are provided for
several reasons. First, these lower level
commands can be combined into higher level
procedures as a task environment becomes more
well defined. In addition, the lower level
commands can be used to recover from highly
unstructured situations, for example those which
may result from failures (dropping of a peg, for
instance).
The first trials with the IRQAT will be structured to
evaluate how well an individual can plan a task at
various command levels.

DISCUSSION
The results of the interactive robot assessment test
are intended to be used as an indication of an
individual's aptitude for communicating effectively
with a robot. These results will be considered in
conjunction with other evaluation criteria to
determine the client's  suitability for using an
interactive robot system to gain employment.
The IRQAT is potentially useful for evaluating
other aspects of an interactive robot system.
Changes to the control language, the manipulator,
end - effector capability, control axes, or the
interface device, for example, can be evaluated
through administering of a standardized test of
generic tasks.
The system of Figure 1 has been constructed and
exact specification of the test protocol is being
defined. Testing of a broad population of
physically disabled individuals is planned over the
next six months.
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8.1
PROVIDING ON -LINE SUPPORT

IN AN AUGMENTATIVE COMMUNICATION DEVICE

Clifford A. Kushler, Ph.D.
Prentke Romich Co., Wooster, Ohio

ABSTRACT

An augmentative communication device has been
developed which provides great f lexibility and power
to the system operator. A wide range of on -line
support has been provided in order to assist the
system operator in learning how to set up and use the
device, and also to aid in learning the encoding system
and the specif ic code sequences used to retrieve
vocabulary items. These features have been added to
assist the system operator when the speech therapist
or main system support person is unavailable, and to
minimize the amount of instructional time required
for the system operator to become "fluent" in the
operation of the device. They are also intended to help
reduce the amount of support time required from the
speech therapist or other clinician or support
person. Other features have been designed to
simplif y the general operation o f the device and to
enable the system operator to more easily take
advantage of the capabilities of the device.

BACKGROUND

Augmentative communication devices have developed
rapidly over the past few years. Systema have
become more complex and powerful, offering a wider
range of options and able to encode and store much
larger vocabularies. As a result, the amount of time
required to assist the system operator in becoming
familiar with the operational features of such devices
and in learning to efficiently retrieve these larger
vocabularies has also grown signif icantly. This
situation has arisen against a background of a
shortage of trained clinicians with a strong
background in augmentative communication. Other
system support people are not generally trained
professionals in the f ield, and thus require assistance
themselves to master the operation and set -up of a
communication aid. Even trained clinicians are faced
with the prodigious task of becoming familiar with
the operation of a wide variety of devices.

With this situation in mind, a new communication aid
has been developed for which one of the design goals
was to provide as much on -line support as possible.
The intent was to provide support in a number of
different aspects of device operation: the initial set-
up o f the device; becoming familiar with the basic
operation and features of the device; learning and
utilizing the stored vocabulary; maintaining the
device and its vocabulary; and simplifying the
utilization of the numerous features of the device in
day -to -day operation to reap the maximum benefit
from the device's potential to assist the system
operator.

STATEMENT OF THE PROBLEM

The process by which a system operator learns to
communicate fluently and transparently using an
augmentative communication device involves the
acquisition of many new skills and a large body of new
knowledge. The inherent complexity of the process of
communication itself makes this unavoidable. The
goal for any augmented communicator and his or her
support team must always be to reach his or her
maximum potential. The uniqueness of every
individual then poses a problem which must be
addressed: how to provide a communication system
that satisf ies the unique needs of a particular
individual in a cost - effective fashion. Certainly,
developing one -of -a -kind systems tailored to each
individual's particular needs would be prohibitive in
cost, and could eventually prove less ef fective if  an
individual's abilities o r needs changed signif icantly
over time. The alternative is to produce systems
with a wide range of options which can be configured
to each individual's needs. This unavoidably results
in systems that are more complex.

RATIONALE

Using such f lexible systems to their best advantage
requires a correspondingly larger number of options
to be configured. Given that the trained clinician's
time is such a valuable and relatively scarce
resource, systems must be designed to minimize the
demands placed upon the clinician's time. Equally
important, the system operator needs to  be able to
learn how to use the system more effectively as
quickly as possible, and when appropriate, to
independently configure the system according to his
or her own preferences. These goals can be achieved
in several ways: 1) make it easier f or the clinician
to become familiar with the device; 2) provide a
variety of basic applications / device set -ups, one of
which can be selected and "fine- tuned" for a
particular system operator; 3) provide a simple
interface for configuring the system which is easy to
use by bo th the clinician or support person and the
system operator; 4) provide a mechanism to easily
modify configurations as desired using a minimum of
keystrokes; 5) provide readily available on -line
help information; and 6) include powerful utilites
for vocabulary access and maintenance.

DESIGN / DEVELOPMENT

Many different features were designed and integrated
into the device throughout the development process in
order to achieve the goals outlined above. Comments
and suggestions were solicited throughout the
development process, both f rom a large number of
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augmentative communication specialists and from
system operators using other devices. In the later
stages of  development, much helpful feedback was
obtained from system operators involved in beta -
testing the device itself.

Operator's Manual. While the operator's manual for
a device obviously cannot be strictly defined as "on-
line" support, it is certainly a vital part of the
overall support picture fo r any device. Bearing this
in mind, a great deal of effort was put into creating a
manual that was both complete and simple to use and
understand. The manual was designed to provide a
concise introduction to the device, with more
advanced operational features described in separate
sections that are more or less independent, with
cross - refences as needed. Each pair of facing pages
complements each other, with illustrative graphics
on the left and explanatory text on the right.

Built -in Tutorial. Included in the operator's manual
and integrated into the device's f i rmware is a built -
in tutorial providing a "hands -on" introduction to the
basic operation of the device. Setting up the device to
go through the tuto rial requires only a few
keystrokes described at the start of the manual. The
firmware includes self - installing sample overlays
(keyboard definitions) and vocabularies to use with
the tuto rial in the manual and to  provide examples
for further independent vocabulary development by
the system operator or support person.

Vocabulary Packages. As part of the overall device
support strategy, a variety of pre - defined overlay
and vocabulary packages have been developed that are
targeted at different age groups and cognitive levels,
from pre - school through adult. These can be loaded
into a device then further modif ied and set -up
specif ically for a given type or category of selection
techniques. The modif ied versions can be saved on
disk to provide an appropriate starting point for a
given system operator with specif ic needs. Based on
the operator's subsequent experience with the device,
the set -up can then be fine -tuned over time to
optimize the device's operational characteristics for
that particular operator.

Menu- driven Operation. Menus are generally the
preferred method of transaction control for new or
casual users because they provide two major
advantages. One is that they provide an obvious
structure to the software and help the user to rapidly
develop a model of how the system works as a whole.
Ano ther is that they rely on the abili ty to  recognize
information rather than having to recall it from
memory [Dumas, 1988]. A further advantage of
menus for an augmentative communication device is
the fact that their operation can be designed together
with the selection techniques implemented in the
device to provide an interface that can be easily
controlled as well as understood by the system
operator. For example, an eff icient scanning method
can be automatically invoked for those using a
scanning selection technique. Alternatively, the
keyboard can be interpreted as pre- defined quadrants

specifying menu selections to provide large target
areas for direct selection techniques such as
headpointing. Menus can also be scanned auditorially
or read aloud for non - reading or visually impaired
system operators. Menus are also particularly well
sui ted for providing context - sensitive help
information. All menu screens are constructed
identically, with a title on the top display line,
followed by up to four active choices (numbered 1 -
4), 5 to exit (back up the menu hierarchy), 6 and 7
to navigate horizontally through related menus at the
same level of the hierarchy, 8 to read the menu aloud
using the speech synthesizer, and 9 to obtain the
context - sensitive help information explaining the
choices available in the menu.

Function Macros. A common complaint of experienced
users of strictly menu - driven interfaces is a lack of
speed in controlling the application. This issue was
addressed by providing the ability to encode any menu
transaction (or combination of transactions) in a
single function macro. A macro can be created to take
the operator into  any menu at any level and make
choices from that menu when the macro is activated.
Alternatively, the macro  can be wri tten to enter any
menu and make pre- determined choices without
requiring any interaction from the operator other
than to activate the macro. Functions macros can be
assigned to the device's overlay as the definition of
the effect of a particular key activation, or encoded as
part of the vocabulary stored in the device. Such
macros allow the system operator to modify the
operational characteristics of the device "on the f ly"
with as little as a single keystroke.

"System Toolbox." The device is designed such that
the customized overlay for normal usage is mounted
on a hinged keyguard that can be lif ted to reveal an
overlay to quickly access any of the system functions
or menus and the complete character set. This is
very convenient for the system support person,
especially when trying to set up an overlay or
vocabulary for a pre - literate system operator where
most of the needed characters and functions would not
be included in the custom overlay definition.

On -line Help. While not intended to replace printed
documentation, an extensive, well- written on -line
help system has become an accepted goal of many
major software applications [Dumas, 1988]. With
augmentative communication devices, there often
seems to be a tendency to refer to a printed manual
only as a last resort. The provision of well- designed,
complete on -line documentation in a device would of
course be helpful to an able- bodied support person,
but more importantly, it would also enable the
system operator to access this documentation. This
then provides the system operator with the
opportunity to explore new features of the device
unassisted. The help function itself works as follows:
the system operator activates the help function
(either assigned to a key or encoded in the
vocabulary), then activates the function or menu for
which help information is desired. If this second
activated function is also the help function, an
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extensive menu of help topics is brought to the screen
from which a selection is then made. Once a help
topic screen is displayed, it is possible to navigate
backward and forward through multiple screens
before exiting back to the original environment, As
in the case o f menus, the information on the help
screens can also be read to the system operator using
the device's speech synthesizer. Most help screens
include a cross - reference to the the relevant section
of the printed manual providing greater detail.

Context - sensitive Help,. In addition to the help
screens described above, there is also an extensive
system of context - sensitive help available whenever
making a selection from a menu or answering a
question posed by the system. As described above, all
menu screens are constructed identically, with help
information available as selection 9 (or by activating
the help function). The display screen is large
enough so that suff icient explanation can be included
with most yes /no questions, but in rare cases where
more explanation might be helpful the help function
can also be activated.

Review Vocabulary Utility, Managing a large
vocabulary is a potentially time- consuming task with
a number of dif ferent aspects. An obvious basic
function is simply to know what words, phrases.
sentences or function macros are stored in the
vocabulary. Another function would be to report
which encoding sequence or sequences either contain
or exactly match a given text string. Also useful
would be a way to report on the key assignments in
the custom overlay and the utilization of elements in
the encoding system. All of these functions were
implemented in the Review Memory menu. The
information generated can be displayed on the device's
LCD screen, printed on the built -in printer, o r sent
out the serial port to a printer or computer.

Sequence Prediction. A large vocabulary containing
thousands of items stored under various key
sequences certainly requires a signif icant amount of
exposure and study to become "f luent" in its use. Any
guidance that can be provided in learning or recalling
the encoding sequences for words is of potentially
great benefit. An LED matrix on the front panel of the
device is used to provide feedback regarding which
keys are valid (non -empty successors) at each point
in entering a sequence. Before beginning to enter a
sequence, the LEDs light up at every key which
occurs as the first key in at least one non -empty
sequence. As subsequent keys are selected, the LEDs
would be lit only at those locations corresponding to
keys which are valid successors of the previously
selected keys [Kushler, 19911.

Code Sequence Tutor. Even with a very large stored
vocabulary there is of course a need to  be able to
spell words not in the vocabulary. However, when a
system operator is sti ll learning the encoding used
for all of the various words, he or she may resort to
spelling a word that is included in the vocabulary
simply due to not yet remembering the encoding
sequence used fo r that word. To help the system

operator learn all of the encoding sequences used, the
device can be set to automatically search the
vocabulary data base each time a word is spelled, and
report to the system operator if  the word could have
been generated from an encoding sequence, thus
requiring signif icantly fewer keystrokes. If so , an
informative message appears at the bottom of the
screen, and optionally, the keyboard LEDs can be
flashed in sequence showing directly where the
encoding keys are located.

EVALUATION

The device described in this paper began beta - testing
in the summer of 1990, and was used by four system
operators from that time through the present.
During the same period it was used and evaluated by
40 speech language pathologists specializing in
augmentative communication. The results of the
beta - testing were highly encouraging, and much
positive feedback was received regarding the device.
Production and shipping of the device began in
November of 1991, and again the feedback received
from system operators and professionals in the f ield
has been overwhelmingly positive_ Plans are
underway to implement an automated data logging
system in the device to enable the collection of
objective data for future evaluation.

DISCUSSION

The speech therapist's time is a valuable resource,
and anything that can be done to  help make more
eff icient use of it will benefi t both the therapist and
the system operator. In any case, the amount of time
that the system operator spends in direct contact with
the therapist is generally quite limited compared to
the time spent with the device itself (hopefully the
device should always be available to the operator).
By providing on -line support which is accessible at
all times, the operato r is enabled to independently
further explore the potential of  the device and to
become more f luent in i ts use and familiar with the
available vocabulary.
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8.2
DEVELOPING USEFUL USER DOCUMENTATION FOR AAC

DEVICES: ONE COMPANY'S EXPERIENCE

Nancy A. Yount;
Prentke Romich Co., Wooster, Ohio

ABSTRACT

As AAC devices become more complex, the documen-
tation for them should become less complex and easier
to understand. The primary responsibility of good
documentation is to make learning how to use the
product simple and to make finding out the things you
want to know about the product easy. This paper will
discuss how our company went about finding and
adapting a style of documentation which would present
a complex device to the public in a manner that would
not frighten them off but would, in fact, allow them to
feel comfortable and confident about learning to use the
device. A short history of documentation and the
evolution of documentation objectives at the company,
a description of the documentation used for the new
device and a discussion of the success of this docu-
mentation will be presented.

BACKGROUND

In the early years of our company, the engineers wrote
the manuals for the products they developed.
Engineers are not known for their lucid creative writ-
ing. They areknown for their desire to tell you more
than you ever wanted to know about why the inside of
something they made works the way it does. This
made manuals interesting to other engineers but in-
comprehensible to the regular people who bought the
product. We were as guilty as other high tech compa-
nies of being so focused on the technology itself that
user - friendly documentation to go with the technology
was considered as an afterthought when it was consid-
ered at all.

The eventual development of our early AAC devices
brought documentation into focus for the company.
We now had a product which could truly enhance and
enrich people's lives but only if they could learn to use
it on their own —and engineering spec sheets simply
were not conducive to learning for most people. We
knew that for a product which was the cornerstone of
our company we could not just assign the job of writ-
ing the manual to anyone who could speak literately
and who also had some free time; but that's about all
we knew for sure. We had no idea what a good man-
ual should be like. We explained our predicament to
the people at Carnegie Mellon and asked for help.
They pointed us in the right direction by writing the
tutorial for our new device. We liked the idea of this
tutorial —lots of explanatory graphics, text surrounded
by a lot of white space and it was fairly easy to under-
stand. The Hardware and Troubleshooting sections of
the manual were completed in -house following
Carnegie's guidelines.

We stayed with this format for about three years or
until we developed another new AAC device. We
wanted the manual for this new device to explain the
device in such easy -to- understand terms that it would
take very little training in the field for people to become
competent with it. This time, Barry Rogers from the
Trace Center worked with our newly hired manual
writer to devise a somewhat different format for docu-
menting this new product. Basically, the format con-
sisted of a graphic on the left -hand page and text that
supported the graphic on the right hand page. Even
though the pages were numbered consecutively, in ef-
fect each even numbered page and its facing odd num-
bered page explained the same concept. One could
read the title of the concept, a summary of the concept
and a complete explanation of the concept on the "text
page" or one could look at a graphic on the "graphics
page" which explained pictorially the same concept ad-
dressed by the text.

At the same time we were marketing this product, we
were working on developing a completely updated and
in some ways revolutionary new communication de-
vice. This device, because of new technology and a
dedicated hardware and software team, would by def-
inition be technologically complex. The manual would
have to be easy —both in concept and organization or
prospective users would be scared away before they
realized how simple the device was to operate. What
had we learned from past manuals? What were our
objectives for this manual? How could we best im-
plement those objectives?

OBJECTIVES

Over the years we had learned something interesting
about the public's response to manuals. People sel-
dom take time to offer feedback on a manual unless the
manual is very good or very bad. The frustration
caused from trying to wade through a bad manual
causes most people to complain vociferously and, con-
versely, a manual that makes learning easy is such a
surprise to most people that they will mention it in
passing if they are calling or writing about something
else. From this we saw that an effective way to gauge
the success of a manual is by the amount of positive
feedback we gotor the fact that we heard nothing at all
about the manual. No feedback at all meant we had
written a manual that worked, was useful and didn't
annoy people. If people took the time to call or write
to us with positive comments about a manual, we
knew we had a winner. We saw that with each major
manual we produced, we had fewer complaints and
eventually people began to comment positively on a
specific manual. The positive feedback centered
around the easy accessibility of the "one page, one

116 RESNA International '92 • June 6 -11, 1992



Deve lop ing Us er Do c u me nt a t i o n

concept" format. People seemed to believe they could
handle  one concept a t a time, a t their own pace, until
they began to feel comfortable  using the device . We
decided to write the  new manual using this one page,
one concept format. We wanted people  to be  able  to
open the  manual a t any chapter and feel comfortable
reading the information as  well as  confident that they
could perform the task. We wanted the tutoria l to be
ABC bas ic , yet cover a ll  the  poss ibilit ies for quick,
complete  beginner's  use  of the device. We wanted the
manual to read as if a regular person, not a computer or
engineering wizard, had written it . We wa nted  the
manual to reflect the  power of the  device but not to
force the complexity on users  until  they were  ready to
advance toward it . We wante d the  de vice  and  the
manual to compliment each other.

MET HO D  / A P P RO A C H

One of the approaches our company took on its  quest
for good documentation was  to hire a  manual writer
who came from a non - technical background. Ins tead
of hav ing co mp let e  t echni cal  knowl ed ge of how a
product works and then trying to distill  that knowledge
to the  point where an ordinary person can understand
it, the non - technical writer approaches a new product
exac tly the  way  a  cons ume r do es . The  t hi ngs  t he
writer wants  to know turn out to be , more often than
not, exactly the  same thi ngs  the  consumer wants  to
know — How do  I tu rn thi s  on? Ho w do  I ma ke  i t
speak? How do I store  vocabulary or make it print or

push the  buttons without breaking it?  And in learning
how to use the product, the non - technical writer moves
from the basics into feeling comfortable with the device
and then into curiosity about advanced applications and
functions. It 's almost impossible for the non - technical
writer  to fo g up t he  tut oria l  with refere nces  t o the
amazing advanced functions of the  device because the
writer doesn't  yet know what the  advanced functions
are. A good writer who is discovering how to use  a
new product will write  the  discovery and learning pro-
cess as it is being experienced in simple conversational

prose.

The next approach we settled on was  to use the  one
page, one concept idea. Believing that a potentially in-
tricate  device  needs  a  manual that is easy to under-
stand, we decided to divide the  manual into a number
of sections  each of which would be concerned with an
asp ect  of  the  new dev ice , e .g. , t uto ria l, adv anc ed
functions , language, etc . Each section would be di-
vided into chapters and each chapter would be divided
into any number of facing - paged, self - contained doc-
uments . The left- hand page would a lways  contain
graphics  for the  single concept and the right -hand page
would a lways  contain the  text for the  concept. The
manua l wou ld be gin with the  t utori a l which would
teach users the  groundwork needed to be  able  to use
the device  in its most bas ic configurations. Each sec-
tion after the  tutoria l was  cons idered as  a  building
block which could be  added to the  information gained
from the tutoria l. Consumers could choose the chap-
ters and concepts they wanted to know about and be

CHAPTER/PAGE NUMBER SUMMARY
TITLE I BODYOF

TEXT

Start Spe aking _ 2

q u �

7

Speak Your First Message

TITLE

tart eaking 2

Fi r s t es sagS p e a k Yo u r

Summary:

TART SPEAKING - 2

CHAPTER/PAGE NUMBER

Figure 1. Sample  page from the manual
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cause each chapter consisted of facing -paged docu-
ments which explained a single concept, it was never
necessary to read an entire section in order to under-
stand a chapter. In fact, it was rarely necessary to read
a whole chapter in order to understand one of the con-
cepts.

Finally, we decided to color code sections and chapters
for easy reference, to downsize the manual from 8 1/2
x 11 to 8.1/2 x 6 and to bind it in a sturdy three -ring
binder. We also added a stand -alone Quick Reference
Guide which contained only the 1 -2 -3 step directions
for performing various tasks on the device.

Once the conceptualization and organization of the
manual were finalized, what remained was the writing.
The one page, one concept format created a tangible
boundary within which the writer had to write. This
forced the writing to be clear and simple. If a concept
took more than one page to explain, the writer was
probably unclear about the concept. Either the task
needed to be relearned or the concept needed to be bro-
ken down into more manageable pans and rewritten.
The writer always approached the device, the concept
and the task of explaining them from the user's point
of view. And, in fact, the writer with a non- technical
background is a neophyte user. What the writer dis-
covers, understands and then explains is exactly what a
user will be able to discover and understand through
reading. If life is fair, this process of learning and
writing about what was learned as a user will produce
a manual that will be regarded as an important and
often -used resource for the consumer.

RESULTS /DISCUSSION

By the time the device was ready to be beta tested, the
manual had grown so thick that our fear was no longer
that people wouldn't understand the manual, but that
they wouldn't even open it because of its size. Both
the device and the manual were given to users of our
other AAC devices, to speech and language patholo-
gists, to authors of program applications for other de-
vices and to people in -house who had not worked on
this particular project. With all the beta testers we
stressed the necessity of using the tutorial in the man-
ual to become acquainted with the new device but we
did not pressure them to use the manual beyond this
initial stage. Surveys were sent out periodically asking
the testers to evaluate certain areas of concern; among
these were questions concerning the manual. Without
fail, this diverse group of people responded by prais-

ing the manual, citing how easy it was to understand,
how well organized and how non - intimidating it was
despite the size. All were surprised by how easy the
device itself was to use and how well the manual facili-
tated learning. There were suggestions for clarity and
improvement, but there were no pleas for a different
format or simpler writing. All of the beta testers
learned the rudiments of the new device from the tuto-
rial of the manual and most of them went on to teach
themselves many more advanced functions by simply
leafing through the manual to find those pages whose
concepts appealed to them. Our Education and
Training Department developed training classes for this
device using the manual as the textbook because it was
so easy for participants to understand.

The new device has been on sale for 8 months and the
feedback we are receiving on the manual is still over-
whelmingly positive. The one page, one concept for-
mat for documentation may not be feasible for all
product manuals, but we have found it to be the best
possible format for explaining our AAC devices,
where an incredible amount of information must be
disseminated so that many different kinds of people
can understand and benefit from it.

One of the things this experience has taught us is that
when it comes to explaining highly technical devices to
the general public you can almost never be too simplis-
tic. This does not mean talking down to the consumer.
It means respecting the intelligence of consumers
enough to make learning the basics of a sophisticated
device so easy that they are eager and confident to dis-
cover new ways of using the device on their own. The
structured format we used for this manual and the non-
technical approach we brought to writing it, seems to
facilitate the consumer's acquisition of both knowledge
about the device and the self - confidence to continue to
learn.
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Abstract
In this paper, we discuss progress that is underway in the devel-
opment of a software arc hitec ture for Augmentative and Alter-
native Communication Systems. The practical results ofsuch an
architecture will be a commo n framework that will allow devel-
opers to co llabo rate in systems  development and  a to olkit  that
will allow rapid development o f new and unique sys tems.  This
paper focuses on an overview of the class library which we call
LASO. It presents  it in terms  of a class  hierarchy and example
configuration that illustrates class connections.

Introduction
The des ign and  implementation o f AAC system software c on-
tinues to be a major c omp onent o f the d evelo pment p roc es s.
While the availab ility o f too lkits  and p ro gramming enviro n-
ments for other specialized application areas such as databases
have b ecome commonplace, it is still the fact that AAC d evel-
opers program systems from scratch. In a previous paper
(Demasco et. al., 1989) we proposed the development of a soft-
ware architecture that would provide a specification of software
modules and their interfaces. For this architecture to be useful it
must meet the following criteria:

flexibility - T he arc hitec ture mus t p ro vid e the flexib ility to
implement a diverse range of capabilities.

extensibility - It should provide a path to easily incorporate new
strategies that are not directly supported.

minimal cou ing - The developer using the architecture should
be free to use those components that are most useful and not be
required to adopt the entire system.

efficiency - The software should be efficient enough to run ade-
quately on a broad range of hardware platforms.

p ly -  Har d ware  d ep end en c ies  s ho u ld  b e well is o late d  s o
that the architecture (or even parts of it) can be implemented on
a variety of platforms. This includes personal computer -based
systems and dedicated hardware.

The p ractic al o utc ome of s uc h an architec ture are two -fold.
First, we believe that it will be possible to release a developer's
toolkit that will provide many necessary and common functions
for system software and will furthermore free system developers
to work on more innovative parts of their software. Second, the
availability o f a sp ec ification for software mo dules and inter-
faces provides the opportunity for researchers and developers to
share c od e.  While we realize s ome of the prac tical prob lems
with corporate developers sharing code, we think that there can
be a tremendous benefit among academic researchers.

Background
Our work within this project has been to develop an architecture
specification, implement a prototype of the architecture in C++,
and to  produce and  maintain a developer's  kit that will co ntain
our own code modules and (eventually) other people's contribu-
tions. In more recent work, we have segmented the architecture
into  two dis tinc t  c ompo nents .  LAS O (Library o f Adap table
Software Objects) is a collection of C++ classes that implement

8.3

the majo rity of the architecture spec ification (Demas co et  al.,
1990). Adapt is an interp retive autho ring language bas ed  o n
LOGO (Ball et. al., 1990).  It p rovides the capability to attach
scripts to key s elections, and to provide a dynamic description
of the system in terms  o f the sp ec ific  LASO mod ule that  are
need ed and their inter- c onnections.  It is useful to d ist inguish
between thes e two  c ompo nents , bec ause LASO p ro vid es  the
tools for a developer to create a system while Adapt is designed
to provide authoring capabilities to the end -user (e.g., clinician,
rehabilitation engineer, co nsumer).

A very similar projec t has been underway since 1989 by a con-
sortium of European researchers known as the Comspec group.
They also seek to develop a common specification for software
modules that can be shared among the development community.
In a tec hnical rep ort (Comspec, 1990), the group outlined the
rationale, requirements, and a proposed structure for a software
library. More recently, (Svanrms, 1991) they have developed a
Smalltalk based prototype that demonstrates their approach.

In this  paper,  we would like to d is cuss progres s made in the
development o f our architecturnl sp ecificatio n. In particular,
since we o nly have presented  desc riptions of sp ecific co mpo-
nents of the architecture previously, we would like to take this
opportunity present the entire architecture as a whole. The great-
es t overall c hange in the architec ture has been an attempt to
achieve greater compatib ility with the s tructure develop ed with
the Comsp ec project. In particular, we have adop ted (and
expanded upon) their Navigation Protocol which defines a set of
messages between the input and p roces sing sides of a system.
The effort towards compatibility is largely poss ible because all
parties co ncerned have embraced an objec t oriented  methodol-
ogy which allows us to approach the problem in a similar way.

Approach
In our work, we have taken a bottom -up and incremental design
app roach.  By bo ttom -up , we mean that  we generally start by
loo king at "low- level" ob ject functionality and  wo rking up
towards mo re complex structures. For example, we s tarted the
vocabulary set class by first designing a vocabulary i t em then a
vocabulary group, then a vocab ulary page and then a voc abu-
lary set.  By an incremental design ap pro ach,  we mean that  we
have implemented components during the design process to test
the validity of the concepts.

Figure 1. s hows a class hierarc hy for the major components of
LASO. We originally avo ided the use of a single hierarchy and
preferred a c ollec tion of separate class  hierarc hies.  T his  was
Largely because 1) We did not have a good reason to link all of
the classes together, and 2) We wanted to minimize the coupling
between different c lass hierarc hies. Since then we have moved
to a single c lass hierarchy largely to supp ort o perations that
dynamically configure the system (this is discussed Later in the
paper). All of the major classes in the system are descendants of
the LASO- Object class. While this does create a connective rela-
tionship between all of the imp ortant sys tem mod ules, it d oes
not necess arily create an undesirab le co upling effect . It only
requires a developer to use LASO- Object with any subset of the
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LASO.Object

Screen Mapping Selector Dispatcher Vocabulary Vocabulary Interpreter Rate -

Set Enhancer

Device Filter Selection- Vocab -Item Vocab -Group Word- Abbreviation -
Technique Predictor Expander

Input - Device Output- Device Vocab Page Pad

Figure 1. LASO Class Hierarchy. Abstract classes shown with rounded rectangles.

modules shown. Each of the major modules are briefly defined
below:

Screen - T he Screen class defines a portable interface to the host
systems graphics hardware and /or windowing system.

ZVjgQpjpg - This class maps some type of input event into some
typ e o f o utp ut event. It  inc ludes Input- Device and Output -
Device clas ses which have derived  classes that implement s pe-
cific devices' . It also includes Filter classes that are used prima-

rily to filter input device signals. F inally it  includes a Selection -
Technique class . Different s election techniques (e.g., scanning,
direct selection) would be implemented as classes  derived from
Selection- Technique.

Vocab - The Vocabulary class defines a d ata and function for a
very general list structured vocabulary set.  It defines a vocabu-
lary item (Vocab - Item), group (Vocab - Group) and page (Vocab -
Page). In addition, sinc e one of our sys tem requirements is that
ed iting b uffers  be ac c es s ible in the s ame way as  vo c ab ulary
pages, we rep resent editing buffers in the Vocabulary class. We
define this as a Pad and specify that it behave as both an editing
program and as a Vocabulary Page.

Vocabulary-Set - This clas s d efines a c ollection of vocabulary

pages.
Selector - This class serves as a major connection point between
inp ut (primarily thro ugh the s electio n tec hniq ue), the voc ab u-
lary s et ,  and  o utp ut (p rimarily via the d is patcher).  It  is  als o
resp o ns ible for bas ic  disp lay management functio ns s uc h as
deciding where to p ut the Vocab -Page and the Pad.

Dispatcher - The Dispatcher is res po ns ib le for proc es sing
actions that are the result of the selection of a vocab ulary item.
It may send  the item to the Pad or (if it has a script attached) to
the Interpreter.

Rate Enhancer - This class consists of rate enhancement func-
tions such as word prediction and abbreviation expansion.

1. In fact this is  co mmon througho ut the class  hierarc hy. Any
"leaves" on the tree that are abstract means that specific classes
will be derived  fro m that c las s . F or example, Input- Device
defines an interface for input devices, but specific devices (e.g.,
joystick, mo use) will b e implemented as derived classes.

fnte reter - This class is responsible for executing scripts that
are typically attached to vocabulary items.

This hierarchy defines an overall struc ture that takes advantage
of the Object Oriented feature of inheritance. Each derived class
inherits from its parent's data and methods. When implemented
in C++, it allows us to "plug -in" different modules and have the
system behave correctly. For example, since the class Selection -
Technique defines a common set of methods for its children we
can replace a single s witch automatic scanning class with a sin-
gle switch s tep sc anning clas s without affecting other parts of
the system.

Class Connections
In order to illustrate how the LASO classes are used it is easiest
to present an examp le co nfiguratio n. A c lass co nnection dia-
gram pro vides a good view of the relationship between classes
and is shown in Figure 2. This diagram assumes an event driven
mo d el where inp ut d evic e s ignals  will trigger events  in the
Input-Device class, and this will drive the system. In this exam-
ple, we are as suming automatic  s ingle switc h s canning that is
activated by pressing the left mouse button.

moot - When the user presses the left mouse button, the Mouse
clas s (which is a child of the Input- Device clas s) will send  a
message to the Single- Button - Filler class (which is a child of the
Filter class) notifying it that the mouse is pressed down. The fil-
ter ac tivates  a t imer fo r a s p ecified  d well rime. If the t imer
expires before the filter is told that the mouse button is released,
then it sends notification to the scanning technique. The Single -
Switch- Scanner clas s  (which is  a c hild o f the Selection -Tech-
nique class) on notification of a button press translates this into
an In message that is sent to the Selector. The scanner also acti-
vates a timer that c orresp onds to the s canning rate.  If the time
expires before a mouse press message is received then it sends a
Next message to the Selector.

Processine - The Selector receives "Navigation" messages from
the selection technique. In this example of scanning it receives a
Next message if the scan rate timer elapses and an In message if
the user presses the switch. In the first case, the Selector passes
the Next message on to the Vocab -Page and then asks it to high-
light itself (if the operation was successful). In the second case,
the Selector asks the Vocab -Page if the current focus is an item
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Mouse Single e r Single Switch
Filter Scanning

Vocab -Page Selector

Screen

Pad

Speech Interpreter Word Dispatcher
Output Device Predictor

Hardware Dependent Objects

Figure 2. Example LASO Class Connections. Only major connections are shown for clarity (e.g., the Interpreter
maintains connections to many of the objects in the system)

or a group. If it is a group, then it passes  the In message to the
Vocab -Page and then a Highlight message. If it is an item, then it
requests that item and passes it on to the Dispatcher, whose job
it is to  perform actio ns appropriate for that item.  In this exam-
ple, the default action is to send the item's representation to the
Pad. If there is a script associated with an item, then it is passed
on to the Interpreter. These includes output operations such as
"Speak Message" as well as editing commands such as "Delete -
Word".

Rate Enhancement - In this examp le, we are sho wing word pre-
dic tio n (which arc hitec turally, is more d iffic ult  to  mo del than
ab breviation expans io n).  T here are two majo r functio ns  that
exist within word prediction: prediction and acceptance. Predic-
tion occurs when an item is selected and it is added to the Pad.
At that point the Pad notifies the Word - Predictor that an inser-
tion has occurred (and what was inserted). The predictor updates
its list of predictions and notifies the Vocab -Page of the new list.
The page whic h has special s lots to  be filled with predictions
will then update the display. When a user selects from predicted
items, the Dispatcher reco gnizes  that the item is a pred ic ted
item and rather then sending the item to the Pad sends it to the
Predictor whic h replaces the word  prefix with the wo rd (via a
message to the Pad).

The architecture as described  pro vid es the tools neces sary to
build a complete communication system in C + +. We have also
included a mechanism to dynamic ally construct systems at run-
time. The LASO- Object class defines methods for reading a file -
based descriptio n of the system objects  and their connections.
Data specific to each class includes parameters needed to instan-
tiate the object and a description of the c onnection points. The
process for dynamically building a system is to fast dec lare all
of the s ystem ob jects and then define the connections between
them. This process can also be accomplished through a start -up

script written in Adapt.

Dis c us s ion

We feel that  the architecture as d escrib ed pro vides  a means to
develop a wide range of systems  on a variety of hard ware plat-
forms. The use of object- oriented programming provides a great
deal of flexib ility through p olymo rp hism. In ad dition,  it sup-
ports extensibility through the mechanism of inheritance.

We are currently using LASO in -house to  develop a communi-
cation system called Graphcom that supports photographic
quality images on a VGA display. We hope to release a prelimi-
nary version of the toolkit for use by other developers. This step
will provide invaluable feedback as our work continues. Finally,
we will co ntinue to work with the Comspec gro up to  insure as
much compatibility with their work as is possible.
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Abstract

Advances in computer technology have added power
and flexibility to many augmentative communication
systems. Still, users who rely on graphical represen-
tation of vocabulary sets have not been able to enjoy
the same advances as text based users. New systems
can only use abstract symbol sets that are inadequate
for many users. To overcome this limitation, a new
AAC system, named Graphcom, has been developed.
Graphcom uses photographic quality, gray -scale
images to display the contents of the vocabulary set.
This allows the set to be individualized in a way simi-
lar to overlay systems, while taking advantage of the
dynamic displays and speech output common in
computerized systems. New images can be incorpo-
rated at any time making the system very responsive
to the user. Speech output can be added to each image
or to combined messages for the purpose of language
training or functional communication.

Background

Often an augmentative communication system serves
a dual purpose; that is, in addition to serving as a
means of expression, it also serves as a springboard
for language acquisition. For individuals whose
symbolization capabilities are not fully developed, it
is important that the language representations used on
systems are as understandable as possible. Not too
long ago, most computer -based augmentative
communication systems had static displays of
symbols. The benefit to such displays was that they
could often be customized to include whatever type
of symbols the user needed. These could be the
alphabet, line drawings, photographs, and even in
some cases actual objects. The drawback to these
static displays is that they offered a relatively limited
vocabulary set, and any expansion of the vocabulary
required a collection of multiple overlays that had to
be maneuvered in some way onto the display. The
fairly recent introduction of dynamic display devices
has solved the problem of having to physically
"swap" overlays, because all overlays are accessed
within the system. The new problem, however, is that
the new systems are not capable of displaying all
representational types. Typically, the language repre-
sentations on commercially - available systems are
limited to black- and - white line drawings. Further-
more, a generic representation is intended to symbol-

ize a wide variety of real -world exemplars. For
example, the line drawing of a glass could be used to
represent glass, drink, juice, milk, thirsty, or any
number of other related concepts. The problem inher-
ent in this approach is that for many individuals, the
potential of the generic representation for a variety of
meanings is nonexistent because the individual does
not even recognize the line drawing of glass as a
glass. This individual's concept of "glass" may be
limited to the Flintstone glass that her/his caregivers
routinely use for beverages. Thus, it would be much
more meaningful to be able to represent her/his
concept of "glass" within the system. A system capa-
ble of importing photographic - quality images would
pen-nit such representations. Of course, to provide a
two - dimensional representation highly similar to the
actual object requires that the system be able to dupli-
cate the size and color of the object as well as to
preserve the essence of the object by providing
photographic - quality images.

Rationale

Graphics capabilities on personal computers has
advanced significantly since the introduction of the
Apple II and IBM Personal Computers, When IBM
introduced its PS/2 line of systems, it established a
new graphics standard called VGA (Video Graphics
Array). Along with improvements in high resolution
modes (640x480 by 16 colors), the VGA standard
provides a new mode that is suitable for photographic
quality images (Wilton, 1987). This mode supports
256 colors (out of a palette of 262,144 colors) at a
resolution of 320 by 200 pixels. In addition, the VGA
adapter can be programmed to display 64 shades of
gray (at the same resolution).With the VGA, it is no
longer necessary to limit symbol display to simple
"black and white" representations. It is the goal of
this project to take advantage of this new capability
and provide a computer -based AAC system that can
utilize gray -scale photographic quality images.

While VGA adapters can display color images with
considerable quality, we have chosen to work with
gray -scale images for the following reasons:

1. When using V G A in 256 color mode, photographic
images that are captured typically specify a palette that
optimizes the display for the qualitiesofthe image. While
this can yield good results with a single image, there is
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significant degradation in image quality when multiple
images (with different palettes) are view simultaneously.
2. Monochrome image capture peripherals for PCs are rela-
tively inexpensive.
3. Color displays are not yet widely available on laptop
computers. Those systems that support color are expensive.

The system we will describe provides the following
capabilities:

1. The ability to capture gray scale images inexpensively
on a desktop PC
2. The ability to record speech for each of the images.
3. The construction of multi -level vocabulary sets that use
these images and speech segments.
4. An AAC system that presents images to the user; allows
direct selection of these images; provides simple editing
functions and speech output.

We hope that we have achieved these goals on a hard-
ware platform that can be assembled at a reasonable
cost.

Design

This project began as a student design project in a
rehabilitation technology oriented computer science
course. While it provided all of the capabilities
mentioned above, its design limited future extensibil-
ity. We have decided to redesign and implement the
system in C++ which through its support for object -
oriented programming promotes the development of
more flexible and extensible code.

Rather than design the system from "scratch ", we are
using a preliminary version of LASO (Library of
Adaptable Software Objects) which is an AAC devel-
oper's toolkit (Demasco et. al., 1990). LASO
contains a hierarchy of C ++ classes that defines func-
tional elements of a software -based communication
system. It also provides a set of interfaces or
"messages" that define how the objects are
connected. While a complete description of the
library is beyond the scope of this paper, we would
like to discuss those classes that were developed
specifically within this project.

Screen Class - The Screen Class defines a device
independent interface to the underlying graphics
hardware. LASO currently provides Screen classes
for X- Windows and Microsoft Windows. For this
project we developed a Screen class for DOS -based
VGA adapters using the Meta - Windows graphics
library.

Device Class - LASO assumes an event driven model
of input. To support mouse input in a DOS environ-
ment, we had to write a specialized Input Device

Class that is triggered off of the DOS timer.

Speech Output Class - To support the Covox speech
board, we needed to develop a LASO based interface
to the Covox library.

Interpreter - LASO provides the Adapt script inter-
preter which is based on the LOGO language. For
this project we needed relatively simple command
processing. To conserve memory we developed a
simple command processor that handles page
changes, output commands and other functions.

Selector & Dispatcher - Within LASO, the Selector
class handles basic display layout and processing of
input messages. The Dispatcher processes items that
have been selected. Simple variants on the LASO
supplied class were developed.

It should be noted that most of these new classes will
be added to LASO and become reusable components
themselves. It is also important to understand that a
significant portion of Graphcom's code has been
taken directly from LASO. This includes selection
techniques, image support (images are stored in the
TIFF format) and vocabulary management.

Development

The software is written in the C ++ programming
language and runs on any IBM compatible with a
VGA adapter. It supports a wide range of VGA and
Super VGA cards including 640x48Ox256. Screen
layouts are displayed using the MetaWindows graph-
ics library.

The system displays one screenful of pictures at a
time, arranged in rows and columns. (Fig. 1) A
vocabulary set may contain several of these arrange-
ments, called "pages ". When using the system, the
user moves between pages using the "NEXT': and
"PREV" boxes on the screen. As pictures are chosen,
they are placed in the work area at the bottom of the
screen. By clicking the mouse in any area of this
workspace, the entire message is spoken.

All vocabulary and menu items are accessed via
direct selection using a mouse. Mouse emulator
systems can also be used such as the Headmaster or
any touchscreen that provides mouse emulation. Each
picture can have speech output associated with it that
can be used independently or concatenated with other
selections. Speech output is accomplished using the
Covox Voice Master Key. This system consists of
either plug -in boards or external boxes that can be
attached to the printer port on a laptop computer.
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Fig. 1: Example of Grap hcom Screen

The "Menu" option on the screen provides access to
other features of the program. One of the primary
features is  the ability to add new pictures to the
vocabulary set. New images are captured using an
inexpensive camera (Electrim Corp. EDC -1000
Computer Camera) attached to the computer. After
the image is captured, the user simply indicates
where in the vocabulary set the new image should be
displayed and the image is automatically inserted.
New images can be captured and inserted at any time
giving great flexibility to the content of the vocabu-
lary set.

Discussion

Graphcom is designed to utilize the best features of
other types of communication systems. It uses the
concept of the individualized overlay systems by
incorporating life -like images that have meaning to
each specific user. At the same time, it uses computer
technology for flexibility, speed, and dynamic
displays. The growing laptop market, with its parallel
improvements in video technology, has allowed a
system such as Graphcom to become a reality.

Graphcom could be used in a variety of applications.
First, it could be used as an individual user's augmen-
tative communication system. Second, it  could be
used as a training aid both for language acquisition
and communication aid use. Finally, it could be used
for evaluation to examine training progress or deter-
mine appropriate interventions.

With improvements in portable computer and laptop
technology, improvements in Graphcom will be
explored as well. Efforts will continue to provide the
best quality images possible. In addition, the ability
to scan images or currently used symbols will be
added. This will provide maximum flexibility to the

vocabulary set and allow transitions from images
with which the user is already familiar. Other future
improvements would be the incorporation of color
and /or animation. Both of these changes would
expand the appropriate client population and possibly
improve functional use in those clients already using
the system.

It is hoped that Graphcom will be transferred out of
the laboratory in its current version in the near
future.Work in continuing on its basic features and an
initial system, using gray -scale images with speech
output, should be ready for transfer soon. Our goal is
to make the system available to the consumer in its
current form and upgrade the product as technologi-
cal advances allow.
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Ab s t rac t

Th is p ap er  d es c r ib es  t h e deve lop m en t o f a
synthesized child 's  voice. The  voice h as been
synthesized us in g a library of diph on es
stored in th e time dom ain. By us in g
diph ones stored in  th e t ime dom ain , th e s ys-
tem has crea t ed  a  voice  th at  is  ve ry realis ti-
cally childlike an d also allows for an
unlimited vocabu lary.

Background:

Diph on es a re segm en t s of speech th a t
extend f rom the  steady  state of one phoneme
th rou gh th e ph o nem e tran sition to th e
st ead y  s t at e  o f  th e  n ext  ph o n em e. A  s t ead y
sta te of a p hon eme is  co nsidered the  st ate  at
wh ich  t h e fo rm an ts , o r  p eak  res o n a n t  f re -
quenc ies, rem ain con sist en t. By having
diph on es begin an d end a t st eady st at es ,
th ey  sh o u ld ap p en d togeth er  sm oo thly. [1]
Hence  t h ere s ho u ld  be  n o  n eed  fo r com p lex
a lgo r it h m s  to  m o d e l t h e  t r an s i t io n s  t h a t  a
phoneme -based syn thesizer would need.
S in c e  t h e re a re a  lim it ed n u m b er of  p ho -
nem es in  Am erican En glis h (and an y  lan -
guage), on ly  a  limit ed nu m b er  o f p h o n em e
tran s it ion s exist. Therefore, a complete
dip ho ne inven to ry  wou ld req uire a limited
am ou n t o f m em o ry ,  y e t a llo w for  an  un lim -
ited vocabulary. [2]
Fo r  th is  sy n th es izer ,  t he  d iph o n e s egmen t s
were  stored in  th e t im e d om ain . Sto ring th e
diph on es  in  th e time  do main  m eans  t ha t th e
wavefo rm s were  reco rd ed and  d igitized  with
very  lit tle manipu la tion  o th er  t han filt er in g.
In  th is way a lm o s t a ll  o f t he  o rigin a l in fo r-
mat io n  in  t h e wavefo rm  is re t a in ed .  Th ere -
fo re  a ll t he  in fo rm at io n  t h a t  m akes  a  vo ice
un iqu e would be re ta in ed in th e stored
waveform.

Statem ent  of  the P rob lem :

The  goa l of  t he  autho rs was to  c reat e a sy n-
thesized child 's voice th a t was realistic,
high ly  in te lligib le  an d un lim it ed  in  vo cabu -
la ry ,  y e t  h ad  lim it ed  m em o ry  req u irem en t s
for u s e in co mm u nica t io n devices. To
da te ,lit tle re search  h as  b een do ne  with ch il-
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dren 's voices. Th is is largely d u e to the
high er  f requ en cies in ch ildren 's  vo ices  t han
in ad u lt female an d especially ad u l t  m a le
voices. Th e re la tion sh ip between formant
va lu es  in ch ild ren 's  vo ices is also  different
th an in ad u lt voices. Hen ce a lot o f  t h e
research b ein g d one  with male voice s ynthe-
sis  h as limit ed  application  to  t he  crea tio n of
ch ildren 's  s yn th es ized  voices.  Yet  t he re  is  a
mo st  de fin it e need for ch ildren 's  voices in
co mm u nica t io n d evices.  Many  s u ch  d evices
a re  u s ed  in  s ch o o l s y s t em s ,  an d  it  is  in ap -
pro pr ia te for a 6- year -old girl w ith  limited
vo ca l ab ilit ie s  to  b e co m m u n ica t in g with  a
40- year -old m ale voice. Th e au th o rs felt
t h e re  was  a  s t ro n g n eed  fo r  a  h igh  q u a lit y
child 's  synth esized voice.

Des ign:

Th e design  o f th e ch ild 's  vo ice co ns is ts  o f 3
par ts : Th e crea tio n of  a  lib ra ry of  d ip ho nes;
th e develop m en t o f a s ys tem  for  co nvert in g
orth ograph ic tex t into  its  ph onemic  co unter-
part; an d a method for ap p en d in g the
diph on es togeth er to creat e synthesized
speech.

Dev elopm ent  and  Rat ionale :

The creation of a library of diphones:
Th e crea tion o f  a  l ib r a ry  i s  a  t e d io u s an d
tim e co ns um in g p ro cess . Firs t, an  inven to ry
of  a ll po s sib le  ph o nem e tran sition s neces-
sary fo r an  u nlimited vo cabu lary was deve l-
oped. Originally , on ly  d ip ho n es were  goin g
to  b e  u s ed  fo r t he  in ven to ry .  Ho wever , cer -
t a in  s o u n d s  a r e  h igh ly  in f lu en ced  b y  t h e ir
su rro un d in g s o un d s and  have n o con s is t en t
st eady  s ta te . To  imp ro ve  t he  q ua lity  o f sy n-
th es ized  s p ee ch  t h a t  u s es  t h es e  s o u n d s , it
was decided th a t th es e s o u n d s s h o u ld  b e
included in th e inven tory as polyphones.
These so u n d s were also in clud ed in the
in ven to ry  as d iph o n es  as  a  b acku p  in  o rd e r
to main t a in th e unlim it ed potential of  th e
voice.
After th e inventory of  d iph o n es an d poly-
phones was d eveloped, a  list of ca rrier words
co ntaining all those diph o nes an d poly-
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ph on es  was  gen erat ed . A 7 year  o ld  gir l with
n o rm al s p eakin g abilit ies was selected a s
th e voice proto type an d reco rd ed say in g
each wo rd  twice on to digita l -au dio cas se tt es
in  a  s o u n d  b o o th . Th e  reco rd in gs  were f il-
te red  u sin g a  b an d pas s  f ilte r  with cu to ffs o f
8k Hz  a n d 100Hz .  Th e  reco rd ed  wo rd s  were
th en  d igit ized  u sing a  s am plin g freq uency of
20 . 2k .  Th e  l a r g e  b an d p a s s an d  h igh s am -
plin g ra te  were  cho sen  b ecau se  o f  t he  h igher
freq u en c ies in a child 's voice, an d also
b ecau s e  it  a llo ws  s o m e  ro o m  fo r  wavefo rm
man ip u la t io n  with o ut  an y  d e t ec tib le  lo s s  o f
qu a lit y  in  its  so u nd .
On ce  t he  ca r rie r  word s  were  d igit ized , t h e ir
co rresp on d in g d ip ho n es  or  p o ly ph o nes were
m an u a lly  ex t rac t ed ,  la b e lled ,  an d  s to red  as
time- domain waveforms in th e diph on e
in ventory.  Th e library  was  s to red  o n a Sp arc
wo rks t a t io n an d ext ract ed us in g EDW,
wh ich is pu b lic do m ain wavefo rm editing
s o f tware  wr it t en  b y  Dr . H .  T. Bu n n e ll.  Th e
d ip h o n es an d poly pho nes were ext ract ed
u s in g a  s e t  o f  ru les  t h a t  w ere  b a s ed  o n  t h e
ty pe of s o u n d be in g cu t . Fo r in st an ce ,
b eca u s e co ar ticulat io n effects a re mo re
like ly  t o  af fec t previo us  s ou n ds  t han fo llow-
in g s o un d s ,  vo wel so u n d s  were  ex t rac ted  a t
t h e very begin n in g o f  t h e ir st ead y st a t e s .
So me o f  t he  ex tract io n  rules  also  allo wed  u s
to con trol simp le pros odic co m po n en t s of
sp eech . Fo r in s tan ce , ce r ta in ext raction
ru le s allo wed u s to co m p en s a t e for th e
lo n ger d u rat io n  o f  m os t  p ho n em e s o u nd s  a t
the  end s of wo rd s.

Th e  d eve lop men t  o f  a  t ex t -  t o -ph o neme s ys -
t em:
Th e cen t ra l fo cu s of o u r text -to- phoneme
s y s t em is a large list o f  wo rd s an d th eir
as s o cia t ed p h o nem ic rep res en ta t ion s  s to red
in  a  dic t ion ary  f ile . A s e t  o f ru les  fo r  co n -
ver ting t ex t in to  its  p ho nemic repres en ta tion
was  a ls o in clu ded  as  a  b acku p  to  th e  d ic tio -
na ry . Th e  cho ice  o f in c lu ding a la rge  p ho ne-
m ic dict io nary ra th e r th an develop a
co m p le x  an d co mp rehens ive se t  of  co nver-
s io n  ru le s  w as  m a d e  fo r  a  n u m b er  o f  r ea -
s o n s . Th e first an d m o s t obvious is
accu racy . Ea ch  w o r d sto red in th e dictio-
nary will o bviou sly have th e co rrect  p ro nu n-
cia t io n  b ecau s e  it  is  st o red  with  t h e  co rrec t
pro n u n cia t io n.  S to rin g t he  p h o nem ic  rep re -
sen t a t io n s  o f  wo rd s  a ls o  a llows  t h e  s to rage
of s o m e sim ple s t r e s s in fo rm at io n ab o u t
mu lt is yllab ic  word s.  In  th is way,  t h e co rrec t

syllables a re st re s sed an d deemph as ized,
greatly in creas in g th e intelligibility o f  t h e
mu ltis yllabic  wo rds .  Th e large size  needed
for  a  s om ewh at  com prehens ive diction ary is
much les s of an  is su e t han it  was  in  t he  past
b eca u s e  m em o ry  h as  b eco m e ch ea p er  an d
more com pact  over  time . There  is  n o ind ica-
tio n  t h at  t h is  tren d  will reve rs e  it s e lf .  As  a
res u lt ,  th e  n eces sit y  fo r  crea tin g a co mp re -
hen sive s e t  o f  r u l es fo r  co n ver t in g t ex t  t o
ph on emes s eem s  le s s im p o r t an t .  Th e f in a l
rat io nale for  choo sing to  emph as ize  t he dic-
tion ary ra th er  t han th e ru les was ef ficien cy .
Th e En glis h  lan gu age is filled with excep-
tio ns  to  t he  ru les  for  pro p er  pro nu n c ia t io n .
It  is  alm os t  im p os s ib le  t o  d eve lo p a  s y st em
fo r  co n ver t in g t ex t  t o  p h o n em es  with o u t  a
dict ion ary  o f  wo rd s th a t  d o no t fo llo w th e
ru les un les s th e  r u les beco m e s o  com p re -
hen sive  th at  t hey  inc lud ed  o ne ru le  fo r each
word th a t  d o es  n o t  fo llo w th e  ru les .  Ho w-
ever, mo st sy s tem s (including ours) do
Include an  excep t io n  d ic t io nary  alo n g with
th e  ru les.  S ince  th e  excep tio n  d ic t io n ary  is
searched first, an d th e ru les second, the
sy st em wo u ld  b e fas t e r  if  a ll o f  t h e most
comm only us ed wo rd s in En glis h were
inc lu ded in  th e ex cep tion  d ict io nary . In  th is
way,  frequ ent ly  used word s a re con ver ted  to
pho nemes qu ickly  rathe r th an  firs t search ed
for in th e exception dictio nary, an d th en
broken down b y t he rules each t ime  th ey are
us ed .
Although th e previo us a rgu m en t s would
su gges t t h a t  co n vers io n  ru les  were  b eco m -
ing a lm os t su perfluo us , th ey  a re st ill neces-
sary  if the  sys tem is goin g to  accomo date  an
unlim ited vocabu lary. So th is sy st em
inc lud ed  a back -up  se t of rules . Thes e rules
are  b as ed  o n  ru les  d eve lo p ed  b y  t h e  Nava l
Research Lab orato ry in  Washington,  D.C.

Development of a method for appending
diphones:
In  th eo ry  d ip h on es  s h o uld  ap p en d  to ge th e r
sm oo thly  with  n o  m anipu lat ion s  n ecess a ry .
Sin ce  b oth  th e  beginn ing and  end in g o f  t h e
dip h o n e s h o u ld  b e  at  s t ead y  s t at e s  o f t h e ir
ph o n emes ,  an d  s in ce  th e  form an t va lues  in
a  p h o n e m e sh ou ld be co n s is t en t  fo r  each
speaker, ma tch in g diph o nes a t phon eme
st ead y  st a te s  sh o uld  lead  t o  n a tura l s o un d -
in g tran s it io ns . Unfor tu na t ely,  p ho n em es  in
sp eech are n o t th is co ns is tent . Th e mo st
obvious reaso n s for th is a re pit ch differ-
ences. If the pitch of one diphone is  different
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fro m the  p it ch o f t h e d ip h o ne  to  wh ich it  is
being ap pend ed , th e resu lt in g sp eech will
have an u n n a tu ra l so un d in g click in it.
Ano th er reas o n diph o nes do not always
match  up  s mo oth ly  is  b ecaus e of co ar ticula-
tion effec ts. I f one  phon eme is inf luenced by
on e  s e t o f  s o un d s ,  and  an o the r  p h o nem e is
in f lu en ced  b y  an o th e r  s e t  o f  s o u n d s , the ir
fo rman t va lues will be slightly misa ligned
when they are append ed to gethe r. If  the mis-
align m en t is grea t eno ugh, th e res ulting
speech will aga in so u n d u n n a tu ra l.
Diph o nes also m ay not ap p en d smoothly
becau s e of am p lit u d e differences. As a
res ult , i t  was  neces sa ry to  develop a m eth od
for sm oo th in g th e dip ho ne bo un daries .
Sin ce  th e  d ip ho n es  were  s to red  an d  p lay ed
back in  t he  t im e do main,  t he  s mo othing h ad
to be in  th e t im e d omain as well.
Th e first an d eas is t st ep t aken to help
smooth th e diph on e bo u nd aries was to
ad ju s t t he  am p litu d es .  Th e amp lit ud es were
a ll ad ju s t ed  t o  an  ave ra ge  o f  67d b  u s in g a
multiplication factor.
The nex t step  was to  smooth the p itch d iffer-
ences . This was  acco mp lis hed b y fir st  lo ca t-
ing one pit ch period a t th e en d s of th e
dip hon es  be ing append ed.  Th e ave rage pit ch
o f  t h es e  two  p it ch  p e r io d s  was  t h en  d e t e r -
mined, an d  each  p it ch  p e rio d  was  p ro gres -
sively time warped to th e average pit ch.
Th es e ad ju st ed pit ch periods were th en
app en ded in  be tween the  two  d ip hon es , cre-
a t in g a  s m o o th  p it ch  ram p in g b e t ween  th e
two d ipho nes.

Dis cus s ion:

Th e  s y n th es ized s p eech res u ltin g f rom  th is
sy s t em  is  ve ry  h igh  q u a lit y ,  n a tu ra l s ou n d -
ing, an d intelligible. I t  is  ve ry  o b vio u s ly  a
child 's voice, an d even identifiable as th e
child  whose voice was recorded.
This sy st em  b yp as ses many  o f th e prob lems
ass oc iat ed  with  th e develop men t of a child 's
voice by incorp orating freq uenc ies u p to
8kHz  an d b y d oin g a lmo st no ana lys is to  the
dipho nes. Th e wide ban dwidth mo re th an
allo ws for  th e h igh er frequencies in  a child 's
voice. By  s to r in g t h e  d ip h o n es  in  t h e  t im e
d o m ain ,  t h e re  was  n o  n eed  t o  wo rry  ab o u t
fo rman t re la tion s par t icu la r to a child 's
voice.
Cer ta in as p ec t s o f  t h e sy s tem need to be
developed fu rther. In  order to  creat e a child 's
voice, it  wa s neces s ary to record a child .

Ch ild ren  a re les s like ly  to  en un c ia t e c lea rly
th a n  a d u l t s . C h ild ren  a re  a l s o  le s s  ab le  t o
main t a in a co ns is tent pit ch. It would be
des irable  t o  h ave  a child  s it  up  st raight  an d
s t ill  a t  a  u n ifo rm  d is t an ce  f ro m  th e  m ic ro -
ph o n e  wh en  reco rd in g. Ch ild ren  do  n o t  s it
stra igh t, still,  or  un iformly  fo r very  lo ng.  As
a res u lt,  reco rd in gs  can  have  ve ry d if fe ren t
pitches, am plitu d es , an d frequencies in
them. There fore th e  m e th o d for  sm oo thing
between  diph on es cu t fro m th ese  record in gs
m u s t b e m u ch mo re ro bu st . Th e cu rren t
sy s tem  do es co mp en sa t e fo r am plitu d e  an d
pitch differences. However, it does not
ad ju s t  t h e  o vera ll p it ch  an d  amp lit u de  p a t -
te rn o f  t h e syn thesized speech, an d does
very lit tle to  compensa te for unmatched for -
m an t va lu es cau s ed by poor enu nciation
an d co ar ticu la tion effects. So th e pitch,
am plit ud e, an d  fo rm an t  va lu es  c an  ch an ge
a t each diph on e bo un dary . Th e res ult ing
speech cou ld  h ave  very u nn atura l frequ en cy
an d amp lit ud e con to u rs .
A s im ila r  is s u e  is  t h e p ro so d ic  in fo rmat io n
co nta in ed  in  t h e sy n th es ized u tt erance.  Th e
curren t sys tem  inco rpo ra tes  ve ry  little pro s-
ody. Work sh ou ld b e do ne on imposing
pitch,  am plit u de , and  d ura tion  ch an ges  into
th e synthesized sp eech a t syllable, word,
an d even  p hrase  bo un d ar ies .

Acknowledg ement

Fu n d in g fo r  t h is  re s ea rch  was  p ro vid ed  b y
Th e Reh abilit ation En gineer in g Center,
Gran t Nu m ber H133E8 0015, from the
National Ins tit ute on Disab ility  and R ehab il-
itat ion Research , U.S. Depar tmen t of  Edu ca-
tion.

References

[1] Peterson, G, Wang, W., & Sivertsen, E.,
"Segmentation Techniques in Speech
Synthesis ", J. Acoustical Society of Amer-
ica, 30, 739 -748, 1958.

[2] Boubekker, M., Foulds, R , Norman, C,
"Human Quality of Synthetic Speech
Based Upon Concatenated Diphones",
Proceedings of the Ninth Annual Confer-
ence on Rehabilitation Engineering. Min-
neapolis: 1986

Debra Yarrington
Applied Science and Engineering laboratories

Alfred I.duPont Institute
P.O. Box 269

Wilmington, DE 19899

RESNA International'92 • June 6 -11, 1992 127



8.6 Parlante: A Spanish Text -to- Speech System with
Automatic Pitch Contour Assignment

Pamela Trittin, M.S.
Applied Science and Engineering Laboratories
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Wilmington, Delaware USA

ABSTRACT scarce and very difficult to obtain, further
investigation in this area is necessary.

Parlante; which means one who speaks in Spanish, is
a system designed to convert Spanish orthographic
text to intelligible Spanish speech. Parlante can be
incorporated into a communication device so that
individuals with severe speech impairments can
converse in a Spanish - speaking community. One of
the essential components of a text -to- speech system is
intonation assignment. The focus of this paper is to
provide an understanding of a system which
automatically assigns pitch contours to synthesized
Spanish speech.

BACKGROUND

A very useful tool for human/computer interaction is
speech synthesis. Technology has made it possible to
produce synthesized voices which can be used in tele-
communications, user interfaces, as well as devices
for disabled individuals (especially those who are
speech and visually impaired). Synthesized speech
can be obtained by implementing a text -to- speech
algorithm. Systems which follow this approach have
been around for some time now. Among them are
MITalk [1], Spanish text -to- speech system [S] and an
English system explained in '[11]. The system
described in this paper, Parlante, also uses a rule -
based algorithm to translate the orthographic input
into an acoustic signal following the letter -to -sound
rules of the Spanish language.

STATEMENT OF THE PROBLEM

The problem with many systems is that the resultant
synthesized speech is unnatural. Oftentimes prosodic
features of speech utterances are not considered.
These features are important because they affect ex-
pressions as a whole instead of independent segments.
Without prosody, speech is very monotonous, and it
lacks rhythm. Among the prosodic features are inten-
sity, rhythm and intonation. At this stage of develop-
ment, intonation is the only prosodic feature
incorporated into Parlante.

RATIONALE

As the number of Spanish speakers in the United
States continues to grow in number, so does the need
for Spanish speech synthesis devices. Since
information pertaining to Spanish speech synthesis is

DESIGN

Parlante's general architecture is illustrated in Figure
1. The three main phases of the system include text -
to- phoneme translation, intonation assignment and
speech synthesis.

Phottetic Stress Syllab le
Translation Ass ignment Ass t omen[

Text -to- Phoneme Translation

tona[ionAssignmenIn t

IV

Syn� thess
Speech

Figure 1: Parlante's General Architecture
The text -to- phoneme module converts the ortho-
graphic text into its phonetic translation using letter -
to- sound rules of the Spanish language. These rules
are based on those described in [3]. After obtaining
the phonetic representation, stress and syllable
markings are applied to the phonetic representation.
This first phase -- text -to- phoneme translation - -is
discussed thoroughly in [6, 8]. The next procedure
assigns a pitch contour to each word, phrase or
sentence entered into the system. Finally a. cascade
formant synthesizer takes a set of parameters influ-
enced by rules governed by the prosodic features and
produces speech output.

Automatic Intonation Assignment
Intonation is related to variations in the fundamental
frequency of pitch associated with an utterance. It
depends on whether or not the intended utterance is a
question, exclamation or declaration. Intonation also
depends on the mood or emotional state of the
speaker. There are language independent intonation
tendencies [3, 9]; however, the intonation of Spanish
has its own language dependent trends.
The routines necessary to produce a synthesized
speech signal including automatic intonation
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assignment are shown in Figure 2.

Syllable Stress Assignment
Syllable Pitt! Assignment

Diphone Pitch Assignment
i

Diphone Intonation Assignment

ASCII to Binary Conversion

Header Assignment
Synthesis

Figure 2: Phases of the Automatic Intonation
Assignment Routine

At present, the program works for single words input
to the system in addition to phrases or sentences with
certain intonation patterns. Not every Spanish sen-
tences entered to the system will end up with the cor-
rect intonation contour.

DEVELOPMENT

Syllable Stress Assignment
One of three levels are assigned to a given syllable.
Unstressed syllables receive a stress level of 0, sylla-
bles with primary stress get the value l and these with
secondary stress are assigned 2. These values are used
to assist the syllable pitch assignment procedure. The
following is an example of the syllable stress values
assigned to the word amigo.

A MI GO
0 2 0

Syllable Pitch Assignment
The next step is to assign pitch levels to each syllable.
Values range from 1 to 5, where 1 is the highest pitch,
4 is the lowest, and 5 represents pitch levels of sylla-
bles with secondary stress (only those adverbs ending
with - mente) whose frequency value is between 2 and
3. Two algorithms which are explained in [7] are con-
sidered depending on whether the user input a single
word, or a sentence or phrase. Here is the syllable
pitch values of the word amigo.

A MI GO
3 2 4

Diphone Pitch Assignment
Once the syllable pitch levels are determined, another
algorithm maps these pitch levels to a corresponding
frequency in hertz to each diphone of the word,
sentence or phrase. The frequency value varies,
depending on the desired age and gender of the syn-

thesized voice. Two frequency values are associated
with each diphone. After mapping the pitch level to its
corresponding frequency value, a diphone structure is
created.
For each diphone which ends in a vowel, a frequency
of 5 hertz is added to the fl value of the first diphone
containing that vowel. A frequency of 5 hertz is sub-
tracted from the J2 value of the successive diphone
which begins with that same vowel, since a slight dec-
lination at the syllable level occurs [7]. The following
is an example of the diphone structure associated with
the word amigo.

Diphone fl fZ

0a 120 115
am 115 110
mi 135 130
ig 130 125
go 105 100
00 100 95

Diphone Intonation Assignment
An additional procedure scales the values obtained in
the diphone intonation assignment routine into an
ASCII file. This file contains the parameters which
are later used to synthesize the concatenated speech.
The columns of this file include the estimation of fun-
damental frequency.
The pro,.edure begins by performing a formant
analysis of the diphones, which correspond to the text
entered by the user, using the WAVES+ formant
command. Two files are produced with the extensions
,ft7.sig (fundamental frequency information) and
,fb.sig (formant information). The scaling algorithm
used to alter the fundamental frequency values of the
.fO.sig file is explained in [7]. This algorithm scales
the fundamental frequency values in a linear path.

ASCII to Binary Conversion
The file created by the diphone intonation assignment
procedure must be converted from an ASCII file to a
binary file. This is done by the put_ddata function of
the Entropic Signal Processing System (ESPS)
software utility.

Header Assignment
One last feature is required to complete the new
binary file. Files with a )V.sig extension usually have
an associated header file. Headers are obligatory for
the purposes of this project because it provides a
facility to downsample the speech wave files. The
sampling rate of the Spanish diphones is 20,200
samples per second, which is not compatible with the
rate expected by ESPS (10,000 samples per second).

Synthesis
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The las t s tep of the  automatic intonation assignment
module is  to synthesize  the concatenated speech with
the new intonation contours.  This is done by us ing a
source  coding casc ade fo rmant synthe s is  program.
The files with the ffn.sigand.fb.sigextensions are  two
of the  parameters of the  synthes is  program.

EV A LUA T IO N

The quality of synthesized Spanish speech was
evaluated from 13 different Spanish proverbs.
Compared to the  pitch contour of the  speech obtained
by s imply concatenating diphones , the  contour of the
resultant speech us ing the  automatic  intonation as -
signment routine  is  much more natural sounding.

Figure 3: Intonation Contour of Diphone Concate-
nation

o +i+ + - P g0A zµ .-AM-

Figure 4: Intonation Contour with Automatic In-
tonation Contour Ass ignment

i h

a

Figure 5: Intonation Contour ofNatural Speech

Figure 3 shows the  pitch contour of t ime - domain
diphone concatenation. The frequency range of each
word of the  phrase  falls within the same interval and
is therefore monotone in nature. The intonation
contour of Figu re 4 is  much closer to the  original
phrase , which is shown in Figure 5 because it
includes  the  natural tendencies  of ris ing on the  las t
content word  and sentence final fa lling on the  las t
word of the  phrase.  The above figures all correspond
to the proverb: El que espera, desespera.

DISCUSSION

Even though Parlante  produces  sa tis factory results ,
future development is needed. The sys tem lacks many
of the  text preprocess ing concerns  such as  number,
abbrevia tion and acronym expans ion.  Also, Parlante
does  not cons ider two of the three  prosodic  features :
rhythm and intens ity assignment. Finally, tes ting and
anal yzing phases mu st  b e added to complete the
system. The method of [2]  emphas ize the  importance
of tes ting the  sys tem for pronunciation accuracy as

well as  naturalness .  Lis tening experiments  l ike  the
ones  ment ione d in [4, 101 describe  the  techniques
used to analyze the synthes ized speech output.

Natural language continues to be the preferred
medium for human/computer interaction. Further
research in the field of speech synthes is will continue
to enhance the quality of e xis t ing speech output
devices.

ACK NOW LEDGE MENTS

The work described in thi s  paper is  funded by the
United States Department of Education and Rehabili-
ta tion Engineering Center on Augmentative Commu-
nication (Grant #HI33800015 -90).

REFERENCES

[1] Allen, Jonathan, Hunnicutt, M. Sharon and Klatt, Dennis
(1987). From T ext to S peech: T he MIT alk System. New
York: Cambridge University Press.

[2] Moreno, P. J., et al. (1990). "Improving Naturalness in a
Text to Speech System with aNew Fundamental Frequency
Algorithm," EUSIPCO -90,pp. 360 -363.

[3] Navarro T6mas, T6mas (1985). Manual de pronunciaci6n
espanola. 22nd ed. Madrid: Instituto Miguel de Cervantes.

[4] Rodriguez Crespo, Miguel A.and Escalada Sardina, Josd G.
(1990). "Text Analysis System with Automatic Letter to
Allophone Conversion for a Spanish Text to Speech Synthe-
sizer." Proceed in g s of  th e ES CA Workshop on  S peech
Synthesis, pp. 105 -108.

[5] Santos, Andrds, Olabe, J. C. and L6pez Barrio, C. (1985).
"Sistema para la conversi6n de texto a voz en espailol en
tiempo real." Procesa miento del Leng ua je Natural. 3
(mayo), pp. 21 -28.

[6] Trittin, Pamela Jean (1991). "Automatic Translation of
Spanish Text to Phonetics Using Letter -to -Sound Rules."
Hispania, 74 (May) pp. 478480.

[7] Trittin, Pamela Jean (1991). Parlante: A Text -to- Speech
System Including Automatic Intonation Assignment for the
Spanish Language. Master Thesis at the University of
Delaware.

(8] Trittin, Pamela and Foulds, Richard (1991). "Synthesized
Spanish Speech Using Letter -to -Sound Rules."Proceedings

ofthe 14th Annual RESNA Conference. (Kansas City, MO,
June), pp. 314 -316.

[9] Vaissi8re, J. "Language- Independent Prosodic Features
(1983)." Prosod y: Models a nd  Measuremen ts. Eds. A.
Cutler and D.R. Ladd. New York: Springer - Verlag, pp. 53-
66.

[10] Van Gerwen, R. P. M. W., Vieregge, W. H., and Kerkhof,
MPAM (1989). "Evaluation of an Automatic Text -to-
Speech Conversion System for Spanish." Proceedingsofthe
ESCA Workshop  on Speech In putlOu tput Assessment and
Databases. (Noordwijkerhout, September), pp. 3.5.1- 3.5.4.

[11] Yarrington, Debra, Schlemmer, James and Foulds, Richard
(1990). "Improvements in Synthesized Speech Using Time -
Domain Waveform Coded Diphones." Proceedings from
the 1990 AVIOS Conference.

130 RESNA International  '92 0 June 6 -11, 1992



A Speech Device for People with Disabilities Using a
Parallel Formant Synthesizer
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ABSTRACT

A speech synthesis device that is designed to meet the
needs of severely dysarthric speakers or those who are
unable to speak will be proposed. Background infor-
mation describing parallel formant synthesis and the
diphone inventory to be used will be presented. An al-
gorithm to calculate parameters needed to run the syn-
thesizer will be given. The device itself will be
described with an update of the progress made on its
development. An evaluation of the quality of speech
that the device produces will follow.

BACKGOUND

Diphone Inventory

A diphone is defined as a segment of speech that
forms the transition between two adjacent phonemes.
Speech is recorded and diphones are then extracted
from the time domain waveform and stored in an in-
ventory. There are approximately 2800 diphones used
in the English Language. Diphones can then be con-
catenated to create synthesized speech. The advantage
of using diphones is that it allows for an unlimited vo-
cabulary and it eliminates the need for complicated al-
gorithms that are used to handle the transition
between phonemes [1]. Diphones will be used in the
speech device described in the design section.

Formant Frequencies

The vocal tract acts as a resonant cavity causing am-
plification of some frequencies and attenuation of oth-
ers[2]. In speech, the peak resonant frequencies are
referred to as formant frequencies. These frequencies
vary as the shape of the vocal tract changes. Speech
signals can be partially characterized by a reasonably
small number of formant values (typically 3 to 5 for -
mants). Speech synthesizers using analog or digital
resonators tuned to formant frequencies have been
shown to produce reasonable speech output Exam-
ples of these are the VOTRAX and DECTALK.

Parallel Formant Synthesis

Formant synthesizers model the formant frequencies
of the vocal tract. Each formant is modelled by a res-
onant filter that is excited by a periodic function
which attempts to model the vibration of the vocal
chords (this is called a pitch period or glottal pulse)
and /or random noise which models turbulence that is
caused by constrictions in the vocal tract. The pitch

8.7

period represents voiced sounds (such as a vowels)
and the random noise represents unvoiced sounds
(such as the s or f sound). In parallel formant synthe-
sizers, the resonators are place in parallel so that their
sum produces the speech output [3].

Frequency domain synthesizers were developed as an
alternative to time domain waveform encoders in or-
der to decrease the data rate. Instead of having to store
huge time domain waveform data files, formant syn-
thesizers "attempt to preserve the short -term frequen-
cy spectrum of the signal" which changes slowly with
time and therefore the update rates of the frequency
parameters are much lower than that of time domain
synthesizers [3].

in order to model the vocal tract in the frequency do-
main, a transfer function is written that describes the
relationship between the output volume velocity at the
lips to the input volume velocity at the glottis. Each
term in the transfer function contains information
about a particular formant frequency. The transfer
function can be expressed as a product of these terms
as in the cascade formant synthesis method. In the
parallel formant synthesis method, the transfer func-
tion is expressed as a sum of terms. Equation (1)
shows the transfer function in parallel. Each term in-
cludes the formant frequency (fn), the bandwidth of
the frequency (bn) and the amplitude (An) of the fre-
quency.[4]

Ai ftz Az fez
(1) H(s) = s

2 + his + ftz sz+ b2s + f22

When the parallel method is implemented, the band-
width is usually chosen to be constant for all terms.
The formant frequencies and the amplitudes of those
frequencies must be specified. In most cases, no more
than the first five terms of the transfer function are
used since they contain enough information to synthe-
size speech without a detectable change in quality.

STATEMENT OF PROBLEM

A speech synthesis device is needed for people with
disabilites that includes the following features:

• is portable
• runs at a reasonable bit rate
• can be programmed to speak a particular voice
• produces a voice with that is ̀ natural' sounding

RESNA International '92 • June 6 -11, 1992 131



A Speech Device Using Parallel Formant Synthesis

• is inexpensive

• has  an unlimited vocabulary

RATIONALE

A person who is severely dysarthric or who is unable
to speak has need of a device that will allow effective
communication. There should be few restrictions on
the type of voice to use. If a person knows that he /she
will be losing his/her voice due to surgery or progres-
sive disease, he /she can have their voice recorded be-
fore they lose it. The synthesizer can then be modelled
after his/her own voice. The bit rate must be fast
enough so that speech can be produced in close to real
time. It should be as natural sounding as possible.

DESIGN

The Proposed Device

The device will consist of frequency domain parame-
ters of the diphone inventory stored in memory, a pro-
cessing unit that includes a text to speech algorithm, a
parallel input/output device, a parallel formant syn-
thesizer and an amplifier. (see figure 1)

M E M O R Y

AIPHONE
INVENTORY
PARAMETERS

PROCESSINGM

1'.1 R,11.IiL LSI
SURF ACE 11 4O � I(

VU MO UNT UT
TF,XT PARALLEL

FORMANTsEEEGFf SYNTHESIZER
ALGORITHM

Figure  1

D E V E L O P M E N T

LSI P aral le l  Fo rma nt  S ynthes izer

The LSI synthesizer was  chosen for the following rea-

sons:
• its  small s ize (the unit  meas ures 2 x 2.5 inc hes ) which

will help to make the d evice p ortable

• it uses a low b it rate (6000 bits per second compared to
120,000 bits per second in the time domain)

• the diphone frequency parameters can be stored instead
of storing the entire digital time domain waveform (150
bytes/dipho ne fo r frequenc y p arameters co mpared  to
3kbytes/dipho ne fo r time do main waveform)

• it allows fo r control o f pitch which can help  to improve
the naturalness of the speech

• the amplitudes of the formant frequencies can be altered,
allowing control of vocal effort and the ability to account
for the antiresonant effect of the nasals [5]

For each 10 millisecond (ms) frame of speech, twelve
parameters are fed to the synthesizer. They include
formant frequencies, the amplitudes or intensities of
the formant frequencies, the degree of voicing, and
the pitch of that frame. The source of excitation in the
LSI parallel synthesizer comes from a random noise
generator and from a periodic glottal pulse generator.
The random noise generator models the unvoiced
parts of speech since they are non - periodic. Voiced
speech is modelled by a periodic pulse generator
which provides a waveform that mimics the natural
glottal pulse.

There is a voicing switch that controls the degree of
voicing of a particular frame of speech. Excitation
mixers combine the voiced and voiceless signals to-
gether in order to account for the overlap that occurs
in natural speech. When voiced and unvoiced sounds
are mixed, it is typical that, the lower formants are
largely voiced and that the higher formants are largely
unvoiced. In the LSI Parallel Formant Synthesizer,
each excitation mixture filter receives a common de-
gree of voicing value. Each excitation filter has a dif-
ferent mixing fraction that determines the ratio of
voiced to unvoiced speech that particular resonator
will receive[5]. Figure 2 shows a schematic of the LSI
Parallel Formant Synthesizer developed by Holmes
[6].

E m — d + n n o  r i o t
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A

E . 0 . dB q•ao door OMlnar ti•mf

a
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Figure  2

Calcula ting P aramete rs  to Run the  Synthes izer

In order to get the synthesizer to run optimally, the
correct parameters must be chosen:

Findine Pitch, Formant Freauencies  a nd Delaree of

The Entropic Signal Processing Sys tem (ESPS)
(copyright 1990 Entropic Research Laboratory, Inc.)
is used because of its accurate formant tracking pro-
gram. We use it to generate  formant frequencies, pitch
and degree of voic ing for each 10 ms  frame of speech.
This information is fed to the  LSI synthes izer.
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An Algorithm for Calculating Amplitude Values

The amplitudes or intensifies of each formant frequen-
cy for each 10 msframe of speech must be specified
when using parallel  synthesis . These amplitudes must
be chosen carefully or dis tortion can occur. The au-

thors  have developed a program to calculate  the  am-
plitudes  using MATLAB (copyright 1985 - 1989, by
The MathWorks, Inc.).The steps to calculate the am-
plitudes are  as follows:

L Create a matrix of overlapping vectors of length 512.
The center of each vector contains the time domain data
from 10 ms of speech. The matrix size is 512 x #frames
of speech.

2. Each vector is multiplied by a hamming window in order
to decrease distortion when the fast fourier transform
(FFT) is computed.

3. A Short Time FFT is computed by computing a separate
FFT for each 10 ms frame of speech. The result is a vec-
tor of 256 real and imaginary amplitude values. The
magnitude of the real and imaginary parts is found. Each
value corresponds to one of 256 bins that range in fre-
quency from DC (0 Hz) to the sampling frequency/2.

4. Formant frequencies are obtained from ESPS. These fre-
quencies are "smoothed" across the unvoiced sections
since these areas tend to be discontinuous which tends to
increase distortion.

5. Using the formant frequencies obtained in 4., find to
which bin each frequency corresponds. Assign each for-
mant frequency bin number. At this point there is a bin
number corresponding to each fonnant for each time
frame.

6. For each bin number in 5., multiply a cosine window (the
length may vary) by the vector containing amplitudes of
the appropriate time frame found in 3. (Note: The cosine
window is used to obtain information that otherwise
would be lost about spectral peaks near the frequency bin
of interest. For example, 2 spectral peaks may exist on
either side of the frequency bin chosen.) The center of
the cosine window should be at the bin number for that
particular formant frequency.

7. The values obtained in 6. are then summed, changed into
decibels and scaled.

These amplitude parameters are  fed into the  synthe-
sizer along with the formant frequencies, pitch and de-
gree of vo ic ing in order to produce synthesized
speech.

Producing Diphone Inventory Frequency Parame-
ters

We are beginning the  process of determining the fre-
quency parameters for the diphones .  We have taken
diphones  that make up the word "height ", found each
of their frequency parameters and concatenated them.
The resulting word sounded a lmost identical to the
original.  We plan to continue this process for the en-
tire diphone inventory so that any word can be spoken
from the synthesizer.

Text to Speech Algorithm

A text to speech algorithm has been written which will
be incorporated into the device so that the user will be
able  to type in words and get speech out in close  to
real time.

EVALUATION

The quality of speech from the LSI synthes izer has
been evaluated.  The synthesizer was  tes ted us ing 8
different male voices and one childs voice . The syn-
thes ized vers ion of the  child's  voice  and 7 of the  8
male voices were intelligible and resembled the voic-
es  of the  original speaker.  There  was  some loss  in
quality between the original and the synthesized voic-
es but this  loss was minimal.

DISCUSSION

Many speech devices are available for the  non speak-
ing or dysarthric  individual. However, these  devices
lack some features which many potential users feel are
important.  We are  developing a  new type of device
that is  des igned to more closely meet the  needs  of
these individuals.  More work must be  done in order to
transfer this technology for clinical use.
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a Local Area Computer Network
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ABSTRACT

This paper describes how personal computers linked to-
gether in a local area computer network can be used for
sign language communication between two people.

PERSONAL COMPUTERS AND LOCAL AREA
NETWORKS

In the past few years, computer technology once thought to
be revolutionary have now become commonplace, espe-
cially in the workplace. In particular, two technologies
have emerged that has revolutionized the workplace, the
personal computer (PC) and the local area computer net-
work (LAN).

PC's in the workplace have made the processing of infor-
mation via spreadsheets and word processors as routine as
using adding machines and typewriters were 20 years ago.
Vast amounts of information once stored in filing cabinets
are now available right on a person's desk.

While the PC gives a person a powerful means of manipu-
lating data, the information gleaned from the data often
must be passed on to other people. Here, a LAN is a pow-
erful tool. By connecting PC's together in a LAN, people
can exchange information electronically much faster than
through a paper report or memo. Files can be sent from PC
to PC for processing; memos can be sent to people via elec-
tronic mail (E- Mail).

"TALK" UTILITIES

In the above scenarios, information is transferred passive-
ly. For example, when an e-mail message is sent from one
person to another, the receiver can read the message at his/
her leisure. Some systems also have utilities that allow two
people to hold an interactive typed conversation over the
LAN (an example is the UNIX "talk" utility). Typically, a
utility of this sort will split the computer screen in half,
with the top half of the screen echoing what a person types
at one keyboard, and the bottom half echoing what a person
types at the other keyboard. A conversation can then take
place in English between two people using their PC's and
a LAN.

A "talk" utility is in many ways analogous to a Telephone
Device for the Deaf (TDD) conversation over a telephone
line. Similarly to "talk ", conversation is bi- directional, in
real -time, and in a phonetic language.

For many deaf people, sign language is the preferred way
to have an interactive conversation. What has been devel-
oped is a visual version of "talk ", a utility that allows two
people to have an interactive conversation using sign lan-
guage through their PC's and a LAN.

TRANSMISSION VIA THE TELEPHONE AND LO-
CAL AREA NETWORKS

Work has been ongoing for several years trying to solve the
problem of transmitting sign language over ordinary tele-
phone lines (Galuska, 90, Harkins, 91). The main problem
with using telephone lines for signed conversation is the
low bandwidth of the lines. In order to overcome that
problem, severe image compression techniques, primarily
edge- detection, are used to extract an outline of the person
that can then be transmitted. This technique absolutely
minimizes the amount of data needed for sign language
communication.

By using LAN's instead of telephone lines, severe image
compression techniques can be avoided. However, image
compression techniques cannot be avoided completely,
since a LAN has finite resources that all users on the net-
work may need to access. A LAN will not allow full color,
television quality images to be transmitted in real -time for
signed conversation. Instead, grey -scale images are used.
These images also use only a small subset of grey -scale
values available to further compress the amount of data
sent over the LAN. Images are spatially compressed to 64
x 64 pixels. At this time, images are being processed at ap-
proximately 15 frames per second; at 2K bytes per image,
that is 60K bytes per second for a bi- directional conversa-
tion. Including overhead, approximately 7% of a LAN is
being used at this time for a conversation. Further image
compression techniques are being studied in order to min-
imize the amount of network resources used by a single
conversation.

SET -UP AND TYPICAL SESSION

Each person that wishes to use the visual "talk" utility
needs an identical set -up. The current set -up entails an
IBM -386 (or equivalent) PC, a VGA monitor and card, an
inexpensive camera and card called the EDC -1000 made
by Electrim, Inc. (Princeton, NJ), a link into a LAN, and
the utility software. In the current set -up, a 1.5 Mbyte
Ethernet LAN (IEEE standard 802.3) is used. For those
that already have a PC and a LAN link, th, : ,nly additional
elements needed are the camera and the w i i ny software.
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A person using this utility would run it with the name (or
address) of the PC that he or she wishes to contact. Assum-
ing the second PC is running the  utility software at the
time, a message will appear on that screen informing the
person that someone wants to "talk" to him/her. That per-
son can then either answer or send a "rejection" answer to
the originator. Should the person decide to answer, two
images appear on the monitor, the person at the remote PC
as well as the person at that PC. (The image of the person
at the PC is mirrored in order to make it easier for that per-
son to stay on camera.) Each person may then begin to sign
to the other in conversation.

When the conversation has ended, one of the signers hits a
key on the keyboard allowing the utility to shut down the
conversation and listen for new "talk" requests.

USES FOR A VISUAL "TALK" UTILITY

A visual "talk" utility can be used for point -to -point com-
munication between two s igners within the range of a
LAN, especially in a work or academic environment. But
perhaps an even greater use of the visual "talk" utility
would be for remote interpretation ( Galuska 1991).
Should a deaf employee need interpretive services at a mo-
ment's notice, the employee can use the utility to access an
interpreter at a remote location, who can then use a speak-
er- telephone to translate signing into a spoken language,
and use the visual "talk" utility to translate spoken lan-
guage back into sign.

ACKNOWLEGEMENTS

This work is supported by Grant #HI33E80015 from The
National Institute on Disability and Rehabilitation Re-
search, and The Nemours Foundation.

REFERENCES

Galuska, S., Foulds, R: A Real -Time Visual Telephone for the
Deaf. Proceedings of the 13th Annual RESNA Conference,
1990,267 -268.

Harkins, J., Wolff, A., Korres, E., Foulds, R., Galuska, S.: Intel-
ligibility Experiments with a Feature Extraction System
Designed to Simulate a Low- Bandwidth Video Telephone
for Deaf People. Proceedings of the 14th Annual RESNA
Conference, 1991, 3840.

Galuska, S., Ivkovich, Z., Gray, J., Gove, T., Foulds, R.: Devel-
oping Visual Technologies for Deaf Persons in a Work En-
vironment. Proceedings of the World Congress on Tech-
nology, Volume V, 1991, 785 -796.

Scott Galuska
Applied Science and Engineering Laboratories
University of Delaware /Alfred I. duPont Institute
P.O. Box 269
Wilmington, DE 19899
Phone: (302) 651 -6830
E -Mail: galuska @asel.udel.edu

RESNA International '92 • June 6 -11, 1992 135



9 . 2
What  Consumers Say Most Influences Their Assistive and Educational

Technology Use

Marcia J. Scherer
Na tional Te chnic al Ins titute fo r the  De af, and

Internatio nal Center fo r Hea ring and S pe ech Rese arch
Roc hes te r, NY

INTRODUCTION

The use of both educational and assistive
technologies in  a wide variety  of settings has
increased tremendously in the past few years.
For example, the Individuals with Disabilities
Education Act of 1990 (I.D.E.A.) and the
Americans with Disabilities Act (A.D.A.), both
explicitly  address assistive technologies. In all
levels of education, such educational
technologies as computer tutors and
telecourses have expanded the options for
addressing individual students ' particular
learning styles and n eeds. Yet, it  remains a
fact that consumers differ in their views about
the value of technologies and in the degree to
which they use them. What differences
between successful users and unsuccessful
users are related to differences in their
predispositions to the use of a technology?

Because it  is  becoming increasingly important
to  understand the differences between those
wh o successfully employ technologies and
th os e wh o  avo id  o r  aband o n th eir u se , two
instru ments were developed to assess the
quality  of the match between a person and a
particular technology. Both instruments are
self- report checklists having a consumer-
completed version and a professional version
so that t he degree  of shared percept ions can
be assessed. Items are of varied format,
including 5 -point Likert scales and checklists.
Th e two instru ments, the Assistive
TechnologyDevice Predisposition Assessment
(ATD PA) and the  Ed ucat ion al Tech nology
Predisposition Assessment (ET PA) each have
subscales so that characteristics of the
technology, the individual's  temperament, and
the environment in  which the person will use
the technology can be separately assessed.
The purpose of the instruments is  to  identify
characteristics interfering with th e  u s e of  a
technology for a particular consumer.

consumers ' predispositions to technology use
(criterion- related validity). The description
and results  of efforts to  address this concern
regar d in g as s is t ive an d ed u ca tio n a l
technologies for hearing - impaired persons
form the pr imary  objective of this res earch
report.

METHODS AND DATA SOURCES

Both th e ATD PA and  ET PA were crea ted
from the actual experiences of peo ple who
used or did not use a technology provided to
them (1,2). The methods used to  develop the
instruments have been described in detail
(3,4). The methods and data sources
described here are limited to information
collected to assess the instruments ' validity
with samples of individuals who are hearing -
impaired.

Hearing - Impaired College Stu den ts ' Use of
Educational Technolog ies:

A. A pilot telecourse was offered
Fall,1991 with students and
faculty  at Rochester Institute of
Techn ology an d Gallau de t
University. The instructional
delivery involved videotaped
lectures and class discussions via
electronic mail. All assignments
were read  an d grad ed  th rou gh
the use of electronic mail. At the
end of the course, students from
each institution with the least
course satisfaction and those
with the most course satisfaction
were interviewed with the ET PA
content serving as the interview
protocol ( "contrasted groups"
design).

B. A hypercard stack was created to
The most im mediate con cern regard in g t he augment an existing instructor -
instruments is the extent to which they based, lecture /discussion course
adequately assess relevant influences on offered to first year science
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majors in need of improved
study skills. The hypercard stack
offers a self -paced method of
instructional delivery. One
module, Test Taking, was pilot
tested with all 9 students
enrolled in  the Fall, 1991 science
department Freshman Seminar.
Eva lu a t i o n s es s io n s were
conducted one -on -one and
involved the students use of the
hypercard stack. The computer
screen was videotaped, showing
cursor movements and choices as
students moved through the
stack. Following this, students
completed a questionnaire that
included the ET PA content.

Adults Use and Non -use of Assistive
Listening Devices (ALDs):

A. Members of the Rochester area
organization "Self -Help for the
Hard -of- Hearing (SHHH)" were
asked to  co mplete the ATD PA
regarding their use of ALDs. For
the  mo st par t, people who  a re
active in SHHH wear hearing
aids and use a variety  of ALDs.
The mean age of the active
members of this group is
approximately 60.

B. Th e m e m b e r s h ip of an
organization dedicated to the
continuing education of older
adults was also asked to
complete the ATD PA regarding
their use of ALDs. None of the
individuals in this group wear
hearing aids or use ALDs, but all
have a demonstrated hearing
loss. The mean age in  this group
of persons is approximately 65.

Comparison s of the members of  SHHH and
the members of the continuing education
organization formed a "contrasted groups"
design.

RESULTS

Since the numbers of individuals in each study
are small (approximately 10 people each), the
data analysis is  descriptive only.

Hearing- Impaired College Students' Use of
Educational Technologies:

A. Those deaf students in the
telecourse who have the poorest
English skills  reported the most
d i s s a t i s f a c t i o n wi t h th e
instructional delivery system and
said they prefer face -to -face
discussions where they can
watch facial expressions. The
students from each institution
who had the least satisfaction
said that they are intimidated by
computers,that computer use
interferes with their social
activities, and t hat they did not
have the background skills for
the course. No ne  of  th e m os t
satisfied stu d en t s repo r ted
i n t i m i d a t i o n o r s o c i a l
interference, and all said that
they had the background skills
for the course.

While all students reported that
the hypercard stack helped them
learn "Test Taking" strategies
and that they would use a
similar mode of instruction
again, those with the most
satisfaction reported that they
prefer working alone as opposed
to working in  a group, that they
are often anxious, and that they
generally see computer use as
being fun. The least satisfied
students reported just the
opposite.

Adults Use and Non -use of Assistive
Listening Devices (ALDs):

The members of SHHH and the
c o n t i n u i n g e d u c a t i o n
organization, while similar in
age, differ in  degree of h earing
impairment and the need for
ALDs,with the SHHH members
having more hearing loss and
need for ALDs. In  completing
the ATD PA, the SHHH
members reported a great deal of
perceived benefit to ALD use, a
belief that ALD use will increase
their quality  of life, and a view
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of ALDs as important in  achieving their goals.
Th e members of the continuing education
organization reported the opposite. All
individuals reported a good self - image.

DISCUSSION

The ATD PA and ET PA seem to have done a
good job of discriminating predispositions to
technology use on the part of satisfied and less
satisfied users.

As the use of assistive and educational
technologies increase, there will be more
concern directed towards their quality,
selection, and  t he  ways  t hey imp ac t o vera ll
quality  of life. It is important for professionals
to be able to analyze the constellation of
factors serving to influence the individual's
predisposition toward technology use or
non -use so that the most appropriate
technologies for that person can be provided.
Bas ed on  th es e res ult s , professionals in  the
field have two self- report, checklist,
instruments available to  them, both of which
have reasonable validity . The ATD PA and ET
PA can be useful in the earliest stages of
matching person and technology, in
identifying needed modifications, and in
reducing the disappoin tment and frus tration
that often accompanies a poor match between
individuals and the technologies meant to help
them. Their use can also help reduce
abandonment or reluctant use of technological
a s s i s t a n c e , d e c r ea s e p r e m a t u r e o r
inappro priate technology recommendations,
and help assu re t hat  th ose  person s who can
mos t b enefit f rom  a technology will receive
an d us e it . Additionally , the documentation
of initial and post intervention profiles can
help provide the rationale for device funding
or training, demonstrate improvements in
skills  and capabilities over time, and organize
information about the needs of an
o rg an iz a t i o n 's co n s u m er or s tu d en t
population. A current and complete
description of the instruments is  available (1).
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OP EN  DO CU M EN T  A RC H IT EC T UR E - AN OPPORTUNITY FOR INFORMATION ACCESS FOR THE PRINT
DISABLED

Tom Wesley & Nick Ayres
Department of Computing

University of Bradford
Bradford, United Kingdom

ABSTRACT

The difficulties of access  to printed and e lectronic
information faced by the print disabled are discussed.
A distinction Is drawn between formally and Informally
published information, the  re levant Int ernat ional
Standards being SGML and ODA. An outline of ODA

is  given and the  ways in which the  adoption of this
Standard could improve access to information by the
print disabled are  described.

B A C K G R O U N D

A significant group of disabled and e lderly persons
have difficulty In access ing the  printed word.  This
print  disa bled group  incl udes  the  b lind,  the  deaf
blind, the visually impaired, the  dys lexic  and those
with motor Impairments  which make it  difficult  to
physically control paper documents . His torically, the
print disabled obtained what l i tt le  Information they
could through hi ghly spe cia lised  media , su c h a s
braille, whose production had little relationship to the
mechanisms used for the print enabled. This inevitably
severely res tric ted the quantity of Information eas ily
access ible to the  print disabled.

The advent of computer and information technology
has revolutionised the access  to information by the
print disabled. Most hard copy braille is now computer
produced with a consequent considerable increase  in
the amount available. Information stored on computers
can be accessed by soft bra ille  and enlarged print
displays  and speech synthesis .  Furthermore, as  the
computer has  become an essentia l part of everyday
life , both in the  workpla ce and a t home, the  print
disabled are not excluded from the developments  but
can use  the technology In s imilar ways  to the  print
enabled. Compared with the  information available  to
the  pr int di sabled  before  the  advent  of co mputer
technology, that available now is  truly astonishing.

THE PROBLEM

However, compared with the amount of information
available to the print enabled, that easily accessible to
the print disabled is tiny. To understand the nature of
the problem it  Is helpful to divide printed Information
into two major categories  — formally published and
Informally published information. In practice  there is
a broad continuum of different kinds of information,
but our categories are  two important end points in the
spectrum.

Formally published information
Formally published information includes books.
newspapers , magazines , learned journals , and

increas ingly their e lectronic  counterparts  distributed
on, for example, C D -ROM.

Only a tiny proportion of formally published
Information Is easily accessible to the print disabled.
It is ironic that virtu ally  a ll  forma lly publi shed
informati on i s  compute r produc ed and therefore ,
given appropria te  technology, transformations could
enable widespread production of the information in a
form suitable for the print disabled. However, the lack
of appropria te  standards  for e lectronic  information
has meant that it  has been very difficult to produce
braille from compositor tapes. Thus braille books are
rarely produced directly from the original electronic
form, re lying ins tead on a significant manual effort.

For formally published information in electronic form,
there is more direct access. Here however, the problem
lies in the presentation of the information. Many of the
print dis abled ha ve great  difficul ty in na vigating
through large amounts of Information, since they lack
the a bili t y to rapid ly sc an a  page or sc reen.  The
software access sys tems used for electronically
published information generally assume the  user has
sc anni ng ability and often use graphical user
interfaces.  Thus, although electronically published
Information Is physically accessible, it is in a far from
ideal form for the print disabled.

Informally published information
Informally published information is the  world of the
word processor and desk top publishing. Here , away
from the cons traints of copyright, information flows
freely and rapidly within res tricted domains such as
a company or an Individual office .  Documents  are
produced rapidly, often having importance over a
short time scale,

If the print disabled person has access to the electronic
document and uses a compatible computer hardware
and software sys tem to that on which the  document
has been produced, much of the Information can be
accessible. For many print disabled people the access
to gra phi cal informa ti on pres e nt s particular
difficulties, but textual information Is generally
accessible.

However, similar difficulties to those noted for formally
published information exis t — namely, the  lack of
s tandards  for  e lectronic  i nformat ion s t orage, the
difficulty of nav igating a  large document and the
Increas ing presenta tion of Information In graphical
formats.

It  is  our firm conviction that the  development and
adoption of Inte rnational Sta ndards  of e lec tronic
Informa tion s torage is  a  k ey fac tor in enabli ng the
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print disabled to gain much more widespread access
to the majority of information which the print enabled
take for granted.

THE INTERNATIONAL STANDARDS APPROACH

Fortunate ly, a powerful s tandardisation movement Is
developing. Two ISO st a nda rd s have emerged.
co rr es po nd ing to our c atego ries of forma lly and
info rma lly  pub lis hed Information. The Sta nda rd
Generalized Markup Language (SGML) is being used
increasingly in the publishing world (1), (2). Its potential
for braille production was recognised by Kaysen (3).
but there appears to have been no practical follow up.
Recently, Engelen and Wesley (4) have discussed the
wider implications of SGML for the  print disabled.

The Inte rna ti onal  S t anda rd  c o rr es po nd i ng t o ou r
informally published information category is  Office
Document Architecture (ODA), also known as  Open
Document Architecture  (5) (6). ODA, a more recent
s t a nda rd  tha n SG ML, ha s  s o  f ar  a tt r a c te d  l i t t l e
attention outs ide  the groups  actively involved In Its
develo pment .  As  far as  we a re  aware , t he  present
paper is the first published discussion of the relevance
of ODA to the  print disabled. In the next section we
present a broad overview of the ODA. before outlining
its potentia l for the  print disabled.

AN OVERVIEW OF ODA

The underlying philosophy in the development of ODA
has been to enable the  standardisation of the structure
of electronic documents so that they can be transferred
betwee n diff erent hardwa re  and  software  sy s tems
without any loss of content and formatting Information.
This  transferabili ty woul d a llow a  document to be
produced on a part icu lar word processor, be
transferred to a completely different system where it
could be further edited before being passed back to its
originator.  Furthermore, the  content should not be
res tric ted to s imple  text but should encompass  a ll
major types of information and be expandable to meet
as yet unknown content types.  Given these ambitious
aims .  It  is  not surpris ing that the ODA Standard is
both long and complex

ODA recognises that there are two ways of looking at
a document, the 'logical ' and 'layout'  points of view.
The logical view is the split ting of the document into
obje cts  tha t have human meaning suc h as  ' t i t le s ' ,
'paragraphs'  and ' figures' .  This Is  independent of the
representation on screen or on paper.

The lay out vie w re cognis es  t hat  the  sa me l ogi cal
structure can be la id out on screen or paper In many
ways . This paper for example is  in two columns but
could eas ily be  in one column and still  be  the  same
'logical' paper.

ODA itself does not define the logical objects such as
'paragraphs' but provides the facility for their definition.
In doing this  ODA allows  the  definition of 'generic
documents ' which are document templates.  Thus  it

would be possible to have a template for a paper to be
presented to this  conference s tored e lectronically
using ODA. This template could be for both the logical
format, so that the  abs tract appears  In the  correct
sequence re lative to the  first  paragraph, and for the
layout so that the  paper Is  in two columns .

The third major component of an ODA document is its
content. Content is  s tructured Into an extendible  set
of  c o nt ent archite ctures . Content architectures
currently defined are text, raster (facsimile) graphics
and geometric graphics , the  definitions using exlsUng
ISO standards. Work is well advanced on the definition
of architectures for sound and hypertext.

Four main structures within ODA are used to split the
definition of the  document in recognition of the two
different views. They are the 'specific logical structure',
'generic  logical structure' , ' specific  layout structure'
and 'gene ric  layo ut s truc ture ' .  The s truct ures  are
defined hierarchically and often represented as trees.

The  ge ner ic  logic al s truct ure  and generi c  l ayo ut
structure can be used during editing and layout as the
templates  for a document.  They define  the types  or
classes of objects  that can appear in a document. The
specific logical structure and specific layout structure
record how Ins tances  of the  c lasses  defined In the
generic  structures  are related in the  document.  The
specific layout structure records how the content of a
document is  placed in 'blocks ' which are  rectil inear
areas on a page or screen.  One or more blocks are
placed in ' frames' and can then be placed as a whole.
Frames  can hold other frames . One or more frames
are placed In 'pages' which are In turn placed In 'page
sets'.

The layout process  Is  split  Into two operations, the
doc ume nt  la yo ut proce ss  and t he  co nt ent  l ayo ut
process. The document layout process deals with the
placing of blocks , frames , pages  and page sets for
portions  of content and produces  the specific  layout
structure.  The content layout process  deals  with the
layout of the portions  of content within the  allocated
blocks.

The  gene ri c  l ay out  s tru ct ure  d eal s  wit h how t he
frames, pages and page sets (but not the blocks) and
different categories of contents are placed together.
With each frame defined in the generic layout structure
there  is  an a ttribute called 'permitted categories ' .
During the layout process, only logical objects whose
attribute 'layout category' has the  same name can be
placed in that frame.  This  can be used, for example,
to group a title  and author into a frame separate from
the subsequent paragraphs , by giving the  ti tle  and
author objects  a  layout category of 'header'  and the
paragraphs 'body' . The corresponding frames  would
have these as  their permitted categories .
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IMP LICATIONS  OF ODA

In  t h is  s e c t io n  we  o u tl ine  s o me o f  th e  wa ys  I n  wh ic h
the wid es p read  c o mmerc ial ad o p tio n o f  ODA wo uld  b e
b e n e f ic ia l  f o r  t h e  p r in t  d is a b le d .  O nly  t ime  will  t e l l
wh e t h e r  O D A b e c o me s  wid e ly  u s e d , b u t  t h e r e  a r e
e n c o u r a g in g  s i g n s .  A  c o mm e r c ia l  g r o u p , t h e  O DA
Co ns o rt iu m ( ODAC) ,  w it h  r ep r es en t at ive s  f ro m man y
ma jo r  ha r d wa re  an d  s o ft war e  s u p p lie r s  is  d ev e lo p in g
s o f t wa r e  t o o ls  f o r  t h e  c r e a t io n  a n d  ma n ip u la t io n  o f
O DA d o c u me n t s . I t  is ho p e d t h a t  t h e s e  t o o ls  w ill
b e c o me  g e n e r a l ly  a v a ila b le  d u r in g 1 9 9 3 .  T h e  f ir s t
s t ag e  o f c o mmer c ia lis at io n  is  l ik e ly  to  b e  c o nv er s io n
r o u t in e s wh e r e b y e x is t in g wo r d p r o c e s s o r s c a n
Interc h ange via ODA.  In the  lo ng t erm th e d evelo p ment
o f nativ e mo d e ODA wo r d  p ro c es s o rs  c a n b e ex p ec ted .

S t a n d a r d  I n f o r ma tio n In t erc h a n g e
An  o b v io u s  a d v a nt a ge  o f  O DA fo r  t h e p rin t  d is a b le d
wo u ld  b e  t he wid es p r ead  a va ila b ilit y o f in fo r ma tio n in
a s tand ard  fo rmat,  o r eas ily c o nvertib le to  the s tand ard .
T h is c o n v e rs io n wo u ld p r e s e r v e  b o t h lo gic al a n d
la y o u t in f o r m a t io n . T h e o n ly g e n e r a l me t h o d of
c o n ve r s io n  a t  p r es e n t I s  t o  d r o p  d o wn t o  r a w AS C I I
te x t.  th u s  lo s ing  a ll  th e  e x tr a  I n fo r mat io n  imp lie d  b y
th e  lay o u t .

F ully  f o r ma tt ed  b ra il le
C u r r e n t ly t h e p r o f e s s io n a l f o r ma t t in g of b r a il le
g e n e r a lly  r e q u ir e s  c o n s id e r a b le  s p e c ia lis e d  ma n u a l
I n t e r v e n t io n .  T h e  s e p a r a t io n  in  O D A o f  t h e  lo g ic a l
s t r u c t u r e  f r o m t h e  la y o u t  s t r u c t u r e  a l lo w s  s e v e r a l
views  o f  the  s ame c o nte nts  to  b e p r o vid ed .  T hu s ,  w ith
ap p ro p ria te  in t er f a c e s ,  f ully f o r mat t e d  b ra ille  v iews ,
r e f le c t in g d if f e r e n t b r a il le s y s t e m s c o u ld b e
in c o r p o r a t e d  in t o  ODA s t ru c t u r ed  d o c ume n t s .

Do c ume nt  Na v ig a tio n
T h e  s t an d a rd is e d  me t ho d  o f  s t r uc t u rin g t he  c o n t en t s
o f  e le c t ro nic  d o c umen ts  in  O DA mea ns  t h at  i t  will  b e
p o s s ib le  t o  ma k e t h e  s t r u c tu r e  av a ila b le  t o  t h e  p r in t
d is ab led  us er .  T his  s ho u ld  allo w t he  us er to  o b ta in an
o r ie n ta tio n o v e rv ie w,  to  s c a n d o c umen t s  an d  t o  h av e
ac c e s s  t o  a u to ma tic  in d e xin g  f o r  r e t rie v al  p ur p o s e s .
T h e  c a p a b il i t ie s  o f  d o c u m e n t  n a v i g a t io n  s h o u ld  b e
d r a ma t ic a lly e n h a n c e d wit h t h e in c o rp o r at io n of
hy p e rt ex t In to  O DA.

Ac c es s  t o  Gr a p h ic a l  lg o rma tio n
It  Is  d if fic u lt  fo r ma ny p rint  d is a b led  p eo p le t o  ac c es s
g r a p h ic a l in f o r m a t io n . Ap a r t fr o m t h e in h e r e n t
p r o b le ms p o s e d b y t h e n a t u r e of t h e ir v is u a l
imp a irment  th ere  ha s  b een  th e d iff ic u lty  th at  gra p hic al
in f o rma t io n  ha s  no t  b e e n  a v a ila b le  in a  s t a n d a r d is e d
fo rm.  T h e ODA c o nt en t ar c h it ec tu re s  al lo w ac c e s s  t o
s ta nd ard ts ed  ge o metr ic  gr ap hic al  info rmat io n  c rea ting
the p o ss ib ility o f text  and  vo ic e anno tatio ns  o f grap hic al
s tru c tu res  an d  t he d ev elo p men t o f s ys t ems  to  s imp lify
gr ap h ic s  f o r  d is p la y  o n p in  ma tr ix  d e vic es .

Cre atio n of weir fo r ma t te d d o c u me n t s
T h e  imp l e me n t a t io n o f  d o c u m e n t  t e mp la t e s  w i t h in
O DA p r o v id e s  a  p o we r f u l  me c h a n is m f o r  t h e  p r in t
d is a b le d  t o  c r ea t e we ll f o r mat t ed  d o c u men t s  w it h o u t

as s is t a nc e  f r o m o t h e r s .

THE CAP S  P RO J ECT

T h e  C o mm is s io n  o f  t h e  E u r o p e a n  C o mmu n it ie s  h a s
re c e n tly  init ia t ed  a  T e c h n o lo g y  in it iat iv e  fo r  E ld e r ly
a n d Dis a b le d p e o p le (T IDE). W i t h i n t h e T I DE
p r o g r a mme ,  t h e  C AP S  p r o je c t  ( C o mmu n ic a t io n  a n d
Ac c e s s  t o  In fo rmat io n fo r P e o p le  wit h S p ec ia l ne ed s )
is  inv es t ig at in g  t he  p o te nt ia l  o f b o t h S G ML  an d  ODA
f o r  imp r o v in g  a c c e s s t o  in f o r m a t io n  f o r  t h e  p r i n t
d is a b led . P r o t o t y p e  a p p lic a t io n s  will  b e  c r e a t e d  s o
th a t  t h e  p r in t  d is a b le d  will  b e  a b le  t o  u s e  ele c t ro n ic
info rma tio n s to red  in S GML and  O DA whe n it  b ec o mes
a v a ila b le ,  r a t h e r  t h a n  h a v in g  t o  wa it  t h e  u s u a l lo n g
time  fo r t he  ap p r o p r ia t e int er f ac es  to  b e  d e ve lo p ed .
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9.4
AN ELECTROLUMINESCENT AID FOR LOW VISION READERS

Steven H. Fazenbaker and Gale R. Watson
Veterans Affairs Medical Center, Decatur, Georgia

ABSTRACT

Many persons with visual impairments
require the use of above average
lighting levels for visual task per-
formance. Low vision readers often use
high powered magnification devices with
short focal distances. Because they
must place their heads close to the
text, additional lighting often must be
used. Preliminary research has shown
that electroluminescent (EL) lamps can
provide such lighting for persons who
employ 8X -20X magnification when
reading. Because EL lamps have an
extremely thin profile, it is possible
to place one between the low vision
reader and the printed page without
restricting the reader's ability to get
close to the  page. In addition, EL
lamps remain cool to the touch, provide
even illumination, are portable, and
produce almost no IR or UV radiation.

INTRODUCTION

For the thousands of individuals with
low vision, loss of the ability to read
and  wr ite ca n  b e devastating. The
opportunity to read mail, balance a
checkbook, scan the daily newspaper, or
read for pleasure, may be denied to the
person with low vision. This results
in the loss of participation in
activities of daily living, loss of
vocational and avocationai activities,
and loss of independence. Fortunately,
there are devices available that
magnify the text to allow persons with
low vision to take full advantage of
their remaining vision.

As the required magnification in-
creases, the distance that the reader
must be from the printed page de-
creases. As the reader gets closer to
the printed page, however, his or her
head blocks more and more ambient
light. Also, as the distance between
the reader and the page decreases, it
becomes more difficult to position
lighting so that it illuminates the

page.

Additional lighting is usually provided
in the form of incandescent or fluores-
cent light bulbs. Unfortunately,
incandescent bulbs produce considerable
heat, and the harsh light and flicker
of fluorescent bulbs are unpleasant to
many individuals. Furthermore, both
light sources provide uneven lighting,
and their size limits how close the
reader can get to the page.

DESIGN/METHODOLOGY

Electroluminescent (EL) light tech-
nology shows great promise in over-
coming the problem of illuminating
reading material for persons using high
magnification. EL lamps have an ex-
tremely thin profile, and therefore do
not limit how close the reader can get
to the page. Furthermore, EL lamps
provide even lighting over the entire
surface -in -view, they remain cool, they
are portable, and they produce almost
no infrared or ultraviolet radiation.

An EL lamp is being developed to meet
the following criteria:
• It will provide the same intensity of

incident light as incandescent and
fluorescent bulbs at close distances.

• It will not impose an unnatural
posture on the user.

* It will not produce significant
glare.

* I t  w i l l remain cool to the touch
throughout extended use.

* It will provide sufficient light,
eliminating the need for any other
lighting.

* I t  w i l l increase contrast and di-
minish light scatter by emitting only
longer wavelengths.

• I t w ill  of fer  an  ad jus tab le light
level.

• It will be durable.
• I t w i ll  b e p o we r ed  b y a  sa f e  a n d

inexpensive power source.
• It will be inexpensive to produce.
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Three configurations are being devel-
oped. One configuration will be de-
signed to clip onto a pair of specta-
cles. The second configuration will be
used as an insert into a stand magni-
fier. The third configuration will be
used to provide backlighting while
filling out forms.

RESULTS

At the time of writing, a prototype
unit had been constructed. A 9 -volt
battery and a solid -state inverter
produce 120VAC at 40OHz to energize the
lamp. This is the voltage and
frequency specified by the EL lamp
manufacturers. Although the low
wattage produced by the 120VAC power
supply is completely safe, it is capa-
ble of producing an unpleasant shock in
the event of damage (broken or exposed
wire between the lamp and power
supply). For this reason, an attempt
is being made to produce equal
illumination by decreasing the voltage
and increasing the frequency of the
power supply. An attempt is also being
made to replace the 9 -volt battery with
a battery that has a higher amp -hour
capacity /size ratio.

The prototype unit has been mounted to
a +20 dio pter lens for demonstration
purposes. Several visually impaired
individuals have used the prototype.
Their feedback has been very favorable.
The users specifically mentioned the
increase in lighting over room light
alone and the heightened contrast the
EL lamp gave to reading material.

Work is continuing to make the proto-
type match the design criteria de-
scribed above.
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9.5

Computerized Form- Filling System Design Using Voice output:
A Case Study

Kathleen Beaver, Education Specialist
University at Buffalo

Introduction

Filling out forms is an everyday
routine for most of us. Time
sheets, supply requisitions,
purchase orders, questionnaires and
applications are just a few of the
forms we use regularly. In fact,
form - filling is so routine, most of
us do not pay much attention to the
enormous amount of information
contained on a form or the
complexity of the form design
itself. Check lists, columnar data
entry and systematic placement of
information simplify the form
filling process. But this is not
the case if you are blind.

For each unit of information placed
on a form, the form filler must have
access to: (1) what information is
being requested, (2) the format of
the information, (3) the allowable
length of the information, (4) the
exact placement of the information
(row and column number), and (5) if
the unit of information is linked to
other information on the form.
Without a computerized form - filling
system with voice output, filling
out forms can become an obstacle to
securing and maintaining employment.
This was the case for Colleen, a
social worker with an MSW who
recently lost all functional vision.

Colleen is a counselor in the
detoxification unit of a major
hospital in a large city. The most
important aspect of Colleen's job is
the completion of an extensive
intake /assessment form through
interview of those entering the
detox program. The intake form is
eighteen pages long and was
developed within the hospital by the
professional staff of the unit.

methodology
Design

The goal of the system design was to
provide Colleen with a method to
independently use her computer and
voice output system to interview and
to complete the eighteen page intake
assessment form.

To accomplish this goal, it was
necessary to: (1) analyze each page
of the form, (2) choose an efficient
form - filling program that was
compatible with her computer
equipment and voice output system
and could accommodate the complex
form design and (3) become familiar
with the advanced features of the
voice output system software.

Components

Colleen has an IBM compatible 386
computer with the CompuSight Apollo
Portable Speech System available
from Electronic visual Aids
Specialists.1 The form - filling
program selected was FORM -MATE
marketed by the Henter -Joyce
Company.z Colleen's printer is a
Hewlett Packard DeskJet 500 inkjet
printer.

The CompuSight speech output system
has very powerful software that
automates the loading of multiple
voice environments based on screen
characters. A voice environment is
defined as a set of user-selected
options chosen to optimize the audio
feedback of screen-displayed
information. Each set of selected
options can then be stored on disk
as a file.

The FORM -MATE form filling program
is designed to work well with speech
output. It combines three user -
created files, a "prompt" file, a
"form" file and a "control" file,
used in conjunction with a voice
output system into a form- filling
system for individuals who are
blind. The "prompt file" provides
speech access to the information
being requested as well as the
maximum length and format required
and can be designed to redirect the
flow of the prompts based on the
presence or absence of a previous
response. The "form file" directs
each piece of information to the
appropriate row and column placement
on the printed form. The optional
"control file" can alter the print
size, font and attributes of the
printer characters.
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Process

Using advanced features of the
Compusight Speech Program, a set of
voice environments were created for
use with the FORM -MATE form filling
program. These environments were
designed to provide voice access to
each prompt, error message and
program menu selection. It was also
designed to enable Colleen to review
and edit previously entered
information. Colleen was then
instructed in using the FORM -MATE
program.

A form file was created for each of
the eighteen pages. Exact placement
of each unit of information needed
to be designated by using the
required syntax of a pair of ^
symbols surrounding a letter and
then a number. Each placement
designation had to be unique.
(FIGURE 1.)

Next, a prompt file for each page
was created using the appropriate
placement designation symbols
defined in the form file. The
creation of the prompt file required
in -depth analysis of the form and
Colleen's familiarity with the form
and her input was essential.
(Figure 2.)

Each page was then loaded and
executed according to the FORM -MATE
instructions. If there were any
mechanical errors detected in either
the form file or the prompt file,
the program displayed an error
message and the program terminated.
The form file and /or the prompt file
then needed to be examined for
errors and correction before
retesting.

Finally, each page was tested by
Colleen and examined for logical
errors. For example, did each
prompt provide her with enough
information to ask her patient the
appropriate question? Did the
redirection of prompts make sense
and work properly when a previous
item was left blank? Were all items
defined using adequate field length?

Results /Discussion

The form filling system created for
Colleen has enabled her to
independently interview clients and
complete the eighteen page
intake /assessment form. She is
currently in private practice and
with permission of the hospital,
uses the form daily. Without this
form - filling system, Colleen would
not be working as a drug
rehabilitation counselor.

The process of creating, debugging
and testing this eighteen page form
was extremely time consuming. In
addition to the steep learning curve
involved in mastering the FORM -MATE
program and creating the voice
environments for the Compusight
speech system, fifty hours were
spent calculating the exact
placement of each piece of
information, analyzing the data,
typing the form files and the prompt
files, debugging the mechanical
errors and correcting the logical
errors. Attention to detail was
crucial.

While the end product does enable
someone

who is blind to
independently fill out and print
complex pre - printed forms, the
creation of the form files requires
assistance by a sighted individual.
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Com put er ize d F or m -  F ill ing  S yst em

FO R M  F I L E  E X A M P L E

P R I M A R Y  C O U N S E L O R ^a l P H Y S I C I A N ^ a 2 ^

D E M O G R A P H I C S :

L A S T  N A M E  ^ a 3 FI R S T N A M E ^ a 4 M . I .  ^ a 5 ^

A D D R E S S  ^ a 6 ^a 7 ^ ^a 8 ^a 9 ^ ^a1 0^

S O C I A L  S E C U R I T Y  N O .  ^ a l l SE X : F E M A L E  ^ a l 2 ^ MA L E  ^ a l 3 ^

RA C E  ( C H E C K A P P R O P R I AT E  I T E M S )  : A L A S K A N  N AT I V E  ^ b l ^  N A T I V E  A M ER I C A N  ^ b 2 ^

A S I A N  ^ b 3 ^ B L A C K  ^ b 4 ^ WH I T E  ^ b 5 ^ HI S P AN I C  ^ b 6 ^

( I F  H I S P A N I C )  P U E R T O  R I C A N  ^ b 7 ^ ME X I CA N  ^b 8 ^ C U B A N ^b 9 ^  O T H E R  ^ b l 0 ^

Fi g ur e  1 .

PR O M P T  F I LE  E X A M P L E

D E M O G R A P H I C S  P A G E
a l  C O U N S E L O R
t
E n t e r  t h e  n a m e  o f  t h e  c o u n s e l o r

a 2  P H Y S I C I A N
t
E n t e r  t h e  n a m e  o f  t h e  a d m i t t i n g  p h y s i c i a n

a 3  L A S T  N A M E
t
E n t e r  t h e  p a t i e n t ' s  l a s t  n a m e

a 4  F I R S T  N A M E
t
E n t e r  t h e  p a t i e n t ' s  f i r s t  n a m e

a 5  I N I T I A L
t
E n t e r  t h e  p a t i e n t ' s  m i d d l e  i n i t i a l

a 6  S T R E E T
t
E n t e r  p a t i e n t ' s  s t r e e t  n u m b e r  a n d  n a m e

a 7  A P A R T M E N T
t
E n t e r  p a t i e n t ' s  a p a r t m e n t  n u m b e r

a 8  C I T Y
t
E n t e r  t h e  p a t i e n t ' s  c i t y

a 9  S T A T E
XX
E n t e r  p a t i e n t ' s  t w o  l e t t e r  s t a t e  a b b r e v i a t i o n

a 1 0  Z I P  C O D E

z

E n t e r  p a t i e n t ' s  z i p  c o d e

Figure 2.
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A Study of Accessibility to Electronic Music
Synthesizers and Sequencers by Blind Musicians

Jay Williams, John Brabyn

The Smith - Kettlewell Eye Research Institute
San Francisco, California

Abstract

A large  n um ber of  b lind pe rs on s ea rn  t he ir
livelihood through music. The goals of the study are
to explore methods by which state -of -the -art music
synth esize rs an d the ir a ssociated sequencer
programs, normally run on personal computers
connected to the synthesizer via the MIDI interface,
can be accessed by blind users.

Background: The Problem

Within the last ten years, as manufacturers have
incorporated microprocessors and memory
capabilities into their products, more and more
computer -based equipment is reaching the
marketplace. Many of these systems present
accessibility problems for the blind (e.g., bank teller
machines, point -of -sale systems, music
synthesizers, etc.).

Since 1983 virtually all electronic music synthesiz-
ers and their associated sound processors, as well as
much of the sound mixing and recording equipment,
employ "MIDI" (Music Industry Digital Interface),
a digital language which allows "communication"
between one device and another, as well as with a
computer. Thanks to these improvements, these
instruments can achieve immeasurably greater
subtlety of expression, and allow changes in real
time which could previously be accomplished solely
by mo d ify in g a  record in g o f  an elec tro nic
"synthesizer." However, the advent of these digital
instruments (synthesizers, samplers, and their asso-
ciated sound - processors) has presented, for the first
time, the problem of mastering a musical instrument
without the benefit of sight.

To illustrate the problem, one can envisage a piano
with the usual three pedals, but each pedal has two
dials associated with it. Suppose you press the soft
pedal and nothing happens except that a visual dis-
play lights up and asks you to turn the two dials to
select the highest and lowest notes of a group which
you wish to soften. As you turn the dials, numbers
indicate, from 1 to 88, which notes will be affected.
Once you have selected the range to be softened,
you press an "enter" button. Now, right above the
soft pedal is a smaller pedal. Press it, and the soft
pedal reverts to affecting the whole keyboard. Press
the smaller pedal again; and you again affect the
smaller range you set by those two dials.

Thus, on a modern synthesizer each control switch
can perform a host of functions, depending upon
which of its menus is chosen. Further, the newer
synthesizers and samplers resemble pipe organs in

9.6

that they contain several distinct "instruments"
which can be played simultaneously. A computer is
often used to store data for "playing" the music, and
data which dictates the synthesizer's sound charac-
teristics. Except for very sophisticated installations,
the computer does not generate the sound itself -- it
plays the synthesizer much as a piano roll plays a
player piano. The program for doing this is termed
a "sequencer' and, because the musician may use
the program to play only a portion of the piece, the
computer - generated part is termed a "sequence."
Th e so f tware which contains the  da ta  th at
constitutes a synthesizer's instrument parameters is
called a "patch librarian." Such a program can have
many different files, each of which contains a
different set of sound parameters. These can be
used with a synthesizer which is "programmable" --
that is , its "patches," or "voices" can be
reprogrammed to have parameters other than those
which the factory first installed. Access to all these
features can become very problematic for the blind
operator.

Investigation of Present Employment Status of
Blind Users

We have contacted a number of blind musicians
who earn their living in  music using electronic
equipment. Those contacted to date have avoided
areas of employment in which on -the -spot changes
in synthesizer settings requiring the ability to see
the display are a critical factor. Rather, they focus
on the creation of music which is destined to be
recorded. In these instances the extra time needed
for familiarization with and operation of the
equipment does not significantly  impinge on
someone else's time. We have identified several
potential areas of employment such as teaching and
work in automated recording studios which might
require on -site use of pixel -based computers and
other more difficult systems. Our investigations
indicate that these situations may be made more
tractable by the inclusion within recent music -
sequencing software of "standard MIDI files." This
serves the equivalent function of converting text in
a word processor into an ASCII file. The music can
be played independent of any particular software. If
further revision is desired, the "sequence" can be
reconfigured into another sequencing program.

Investigation of Access to Instrument Displays
and Controls

A major reported difficulty among blind musicians
is not so much with the use of the computer in
arranging the music, but with the mastery of the
electronic musical instruments themselves. Without
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access to the information on the instruments' dis-
plays, a blind musician cannot "fiddle" with the
instrument in  the store to  obtain an idea of its
features . Som e in strum en ts af fo rd  fur th er
discouragement in the form of a control panel which
is absolutely smooth to the touch. Although blind
users usually have a gridwork laid over the panel to
demarcate the positions of controls, no real use can
be made of the instrument until this is done. Those
musicians who are Optacon users can read some
displays if they use LEDs (light - emitting diodes).
They can also use the Optacon to browse through
equipment manua ls, but this is  only a partial
solution. An example of what can happen without
feedback from the display is the following report
from a blind user:

"I  pressed a key, I  got nothing. After setting pa-
rameters which should guarantee the presence of a
sound, I still had nothing. The display was telling
me all the time that the sound had its time -delay set
to #127, which meant the sound wouldn't happen
for 30 seconds. However, this isn't a function I
used often enough to think of immediately. Finally,
while innocently resting my finger on that key,
thinking what to do next, the 30 seconds concluded
and the music came out of the speaker."

Often, if a blind user becomes disoriented by an
erroneous button -push, the only practical solution is
to "power down and reboot" the synthesizer, to
ensure that such an error will not be stored in the
machine's memory.

We have explored possible solutions to this problem
including the use of a program developed by
Michael Williams of France for the Atari line of
computers which extracts this type of information
via the synthesizer's MIDI port and presents it on
the computer screen at the moment it changes. As
part of the present study, we are also exploring
other methods of instrument display access and plan
to  d o cu m en t  an d  ran k a  ran ge  of  ava ilab le
synthesizers in terms of their relative difficulty for
blind operators in this regard, as well as contacting
manufacturers to alert them to difficulties in access
to their machines.

Evaluation of Suitable Computer Access
Methods for Sequencer Operation

Access to  the computers used to  control and
monitor the modern synthesizer presents special
problems. With the exception of "Outspoken," a
program which allows the blind user of a Macintosh
to navigate with keyboard commands instead of
mouse movements, non - visual screen access is
lim it ed to  text  ma te ria l. (Moreover , a b lind
program mer  at  Berke ley  Sy stems has  fo und
conflicts between "Outspoken" and a popular
music - sequencing program, "Performer. ") In
strictly creative terms this is not yet an issue, as
there are some excellent text - oriented programs for
use with IBM PC compatibles. To date we have
tested three sequencer programs: Cakewalk,

Miditrack III from Hybrid Arts, and Sequencer Plus
III from Voyetra Technologies.

In our accessibility evaluations of Sequencer Plus
III, one of the most popular sequencer programs, we
have tested its  use with several screen access
programs for the blind, including JAWS, Video
Voice, Vos, SKERF -Pad, and Provox. With the
exception of the SKERF -Pad, these programs use
keyboard commands to perform the various reading
functions. They differ in  such strategies as the
creation of "windows," modification of speech
parameters, the iden tif icat ion of video
characteristics, and the types of information which
will be spoken automatically. We have documented
their performance in  this application and the
occasional conflicts between keystrokes in  the
screen - reader and the application program -- along
with methods of resolving these problems.

The SKERF -Pad offers a different approach. It uses
the Touch Window, a touch - sensitive tablet
equipped with an overlay which contains raised
lines (one for each line on the screen), and a number
of "boxes" which serve as controls. It has been
found to be particularly useful in this application
because of its replication of screen "geography" and
its transparency to the application software. It is
also convenient to use in conjunction with one of
the other, more conventional, screen readers. The
SKERF -Pad makes the constant jumping around the
screen easy to monitor, while the alternative screen
readers, used as back -up, provide for the automatic
speaking of material which changes as commands
are issued.

Summary of Results to Date

We have now evaluated several music sequencer
programs for the IBM PC and compatibles, in
conjunction with several screen access systems for
the blind, and have found techniques for making at
least a majority of the sequencer features accessible.

As a result of our d iscu ssion s with Voy etra
Technologies, backed up by input from other blind
users of electronic music synthesizers, the company
now supplies on computer disks the manual for their
SP GOLD sequencer program.

Our music synthesizer /computer /sequencer system
(Figure 1) has been used in demonstrations to such
bodies as the California Transcribers and Educators
of the Visually Handicapped, to raise awareness that
blind persons can gain access to suchequipment
using modern technology.

We have also investigated access to software which
prints music from MIDI data and which will also
play back from a score after its data is entered in.
Several possible solutions to this problem are under
exploration. For example, a collaborator at the
Berklee School of Music in Massachusetts, Jack
Jarrett, has developed a program called Music
Print er  P lu s for  t he  PC. It does n ot  ut ilize
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Figure  1.

Synthes izer /Sequencer Access
Tes t and Demons tra tion Sys tem

Windows, and in general, he wishes  it  to be  easy for
musicians to use. Voyetra Technologies is support-
ing his  software , and he is collaborating with us  on
making such a  program usable  for blind mus icians
(and other disabled musicians  who must access the
computer by means other than a  keyboard).

Wo rk  has  b egun on a n ac ce ss ib i li ty  manua l fo r
blind mus ic ians , to ass is t  persons  wishing to use
mo d e rn s y nthe s i ze r  e qu i p ment  i n t he ir  j o bs  o r
pas times. We have published a series  of articles in
braille, cassette , and computer disk versions'  on this
s u b j e c t ,  i nc l u d i ng a r t i c l e s  o n e q u i p me nt  a nd
definitions , sy nthes izer his to ry and fea tures , the
MIDI interface  and langu age, software  sequencer
access , and source s  and resources .  Much of  this
ma t e r i a l wi l l be a d a p t e d  fo r  l a t e r  s e p a r a t e
publication and distribution to blind musicians.

Collation of the information from all of these efforts
int o  a  ha nd b o o k fo r  b l i nd  mu s ic i a ns  c o v e r i ng
eq u ip ment  a nd s of t wa re  s e l e ct i on,  a d va nta ges ,
limitations, and use  is planned.
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OPTACON "READING ": THE EFFECTS OF TACTILE STIMULUS COMPLEXITY AND MOTION FACTORS

Karsten A. Loepelmann & Eugene C. Lechelt
Department of Psychology

University of Alberta
Edmonton, Alberta, CANADA, T6G 2E9

ABSTRACT

Motion direction of vibrotactile patterns presented to the
fingertip via the OPTACON was examined using lines,
'nonsense' symbols, and letters. Discriminabilityof motion
direction increased as the stimulus onsetasynchrony (SOA)
between the successive stimulus "frames" that produced the
percept of motion increased. Also, SOA interacted with
stimulus display time. The results are interpreted in terms
of stimulus maskingand temporal integration. Implications
for sensory substitution and the visually impaired are
discussed.

BACKGROUND

When the skin is used as a sensory substitute for vision, it
is critical that the stimuli are presented in a way that is
maximally compatible with the tactile modality (1). To
achieve this goal, it is imperative to determine what
constitutes a 'good' stimulus pattern (3). The OPTACON is
a commercially available reading aid for the blind that can
present printed text or spatio-temporal patterns tactually to
the fingertip (2). It is essential to delineate the elements of
vibrotactile stimulus patterns that make them maximally
discriminable, rather than to assume that the tactile sense
can function as an extended retina,

RESEARCH QUESTIONS

The purposes of this study were to investigate the effects of
(a) stimulus complexity and meaningfulness, and (b) the
temporal variables SOA and display time on discrimination
of motion direction of vibrotactile stimuli, as these are
critical dimensions in the processing of OPTACON
stimulation.

EXPERIMENT 1 METHOD

Sub'e : Four sighted participants (one female, three male)
with no formal OPTACON training served as observers.

Aooaratus: An OPTACON (OPtical- to-TActile CONverter)
tactile display interfaced with an IBM PC XT
microcomputer was used to deliver stimuli. The
OPTACON's display consists of a matrix of piezoelectric
bimorph reeds or "pins" (6 column by 24 row array)
vibrating at 230 Hz.

Stimuli. In Experiment 1 -A, stimuli consisted of vertical
bars that were 1pin wide by 10 pins high. Each bar was
"scrolled" or moved right or left across the width of the
matrix (six pins). In Experiment 1 -B, stimuli were
horizontal bars six pins wide by one pin high, scrolled up
or down across the upper 10 pins of the matrix. Note that
the area defined by scrolling in Experiment 1 -A (10 x 1
pins, scrolled horizontally by 6) is equal to that in
Experiment 1 -13 0 x 6 pins, scrolled vertically by 10).

Because the spacing of pins is denser vertically than
horizontally, a 6 x 10 pin matrix has an area of about 11.0
x 11.25 mm and forms an approximate square.

The motion obtained on the OPTACON display was
achieved by presenting the stimuli in a sequence of discrete
steps or "frames." After onset of a stimulus frame, there
existed a brief temporal delay before the frame was
replaced by the succeeding frame, in which the relative
position of the bar changed by a small amount (i.e., by one
pin in the desired direction of motion) from the previous
position. The result of successive presentations of these
display frames was a percept of motion.

Presentation of stimuli using the OPTACON is
conventionally described in terms of display time, defined
as beginning when the bar appears on one side of the
matrix, and as ending when the bar exits the opposite side
of the matrix (3). However, due to the difference between
horizontal and vertical pin density on the display matrix,
Experiments 1 -A and 1 -B could not be meaningfully
compared in terms of display time. Although both
horizontal and vertical motion occurred across the same
amount of physical space (about 11 mm), more steps were
required to scroll the bars vertically, which resulted in a
longer display time and a slower rate of motion. Thus,
neither rate of motion nor display time can be used to
equate horizontal and vertical motion. However,
horizontal and vertical motion can be directly compared
using duration of the delay between successive frame
onsets, i.e., SOA between frames. SOAs used in each
condition were 5, 10, 15, 20,and 25 ms.

Procedure: Each subject rested his or her left index finger
on the tactile matrix of the OPTACON. Amplitude of pin
vibration was kept at a constant, comfortable level, which
was maintained throughout the experiment. To reduce
distractions and auditory cues produced by the vibrotactile
matrix, subjects wore headphones delivering white noise.
Trials were presented using a two-alternative forced choice
procedure; and were self - paced.

In Experiment 1 -A, four vertical bars were scrolled right-to-
left or left - to-right across the width of the matrix in a "Times
Square" mode. In each trial, three of the bars moved in the
same direction; one bar always moved in the opposite
direction of the other three. This "opposite motion" bar
was systematically varied to appear in all temporal
positions: first, second, third, and fourth. The stimuli were
grouped into two pairs of two bars, with a temporal gap of
100 ms within pairs and 250 ms between pairs. Because
of this grouping, one stimulus pair contained two bars
moving in the same direction, whereas the other pair
contained two bars moving in opposite directions. The
subjects' task was to identify the pair of bars (f irst or
second) that contained the opposite motion bar. Subjects
pressed one of two pushbuttons on a switchbox to indicate
responses. Direction of motion of the opposite bar was
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counterbalanced: in half the trials, three bars moved right
and the opposite bar moved left; in the other half, three
bars moved left and the opposite bar moved right. No trial -
by -trial feedback was given. The format of the task in
Experiment 1 -B was identical with that in Experiment 1 -A,
except that horizontal bars scrolled up and down across the
fingertip (i.e., along a different axis of motion).

Each subject received 50 repetitions of each of the 40
conditions for a total of 2000 trials in each part of
Experiment 1. The order of presentation of conditions in
each block was randomized (1 block — 80 trials).
Experiments 1 -A and 1 -B were alternated every five blocks
to compensate for any practice effects.

EXPERIMENT 2 METHOD

Subjects: Four sighted participants (one male, three female)
with no formal OPTACON training served as observers in
Experiments 2 and 3. Only the male participant served in
Experiment 1 as well.

Stimuli: Stimuli consisted of 10 non - alphanumeric symbols,
created to have no intrinsic semantic value to the observers
(7); see Figure 1. When centered on the matrix, all
symbols occupied a maximum width of 6 columns, and a
maximum height of 18 rows.

Procedure: As in Experiment 1, the observers' task was to
decide which pair of symbols contained the opposite -
motion symbol. In Experiment 2 -A, symbols scrolled left
and right across the width of the display matrix (6
columns), and in Experiment 2 -B, they scrolled up and
down across the upper 18 rows of the matrix. Note that
the increased scrolling distance in Experiment 2 -13 produced
a longer display time at each SOA than in Experiment 1 -B.
SOAs were the same as in Experiment 1. The temporal gap
between symbols was 200 ms, and between pairs of
symbols was 350 ms.

Each subject received 52 presentations of each of 100
conditions, for a total of 5,200 trials in each part of
Experiment 2. The order of presentation of conditions in
each block 0 block — 400 trials) was randomized.
Experiments 2 -A and 2 -B were also alternated every block.

EXPERIMENT 3 METHOD

Stimuli: In this experiment, stimuli were comprised of 10
alphabetic characters. Of these 10 letters, 5 were the least -
confused letters presented via an OPTACON (6): L, O, 1, C,
and U. The remaining 5 were the most- confused letters:
Z, S, B, X,and G. All letters were presented in upper case,
in IBM standard Gothic sans -serif font.

When centered on the tactile matrix, all letters had a
maximum height of 18 rows, and maximum width of 6
columns (except the letter 1, which had a maximum width
of 3 columns).

Procedure: Same as Experiment 2. In Experiment 3 -A,
symbols scrolled left and right; in Experiment 3 -B, they
scrolled up and down.

RESULTS

The longer the SOA between frames (i.e., the slower the
motion), the greater the proportion of correct responses.
These results are shown in Figure 2. In Experiment 1,
three -way (SOA, axis of motion, and direction of opposite
motion) repeated measures analysis of variance (ANOVA)
was performed. Only SOA had a significant effect, F (4,
60) — 41.5, p < 0.001. For Experiments 2 and 3, four -
way (SOA, axis and direction of opposite motion, and
symbols) ANOVAS were performed. Main effects of axis of
motion were obtained in Experiment 2, F (1, 600) —
652.72, p < 0.001, and in Experiment 3, F (1, 600) —
533.62 p < 0.001. As expected, a main effect of SOA was
found in Experiment 2, F (4, 600) — 700.12, p < 0.001,
and in Experiment 3, F (4, 600) — 622.94, p < 0.001.
Some letters in Experiment 3 were significantly more
discriminable than others, F (9, 600) — 2.72, p < 0.01.

Significant interactions were also obtained in Experiments
2 and 3. Axis x SOA was significant in both experiments:
F (4, 600) — 268.97, and F (4, 600) — 350.18, both having
p < 0.001. In Experiment 2, an axis x symbol interaction,
F (9, 600) — 3.85, p < 0.001, and an axis x direction
interaction, F (1, 600) — 8.96, p < 0.01, were obtained.
Significant differences also existed between Experiments 1
and 3, and Experiments 1 and 2, F (2, 1677) — 21.46, p <
0.001.

Post hoc comparisons were carried out using Scheff6s's
procedure with a — 0.05. Performance in Experiment 1
was significantly lower than in Experiments 2 and 3. In all
three experiments, the two briefest SOAs were found to be
significantly different from all other SOAs. In Experiment
2, the 15 ms SOA differed significantly from the longest
SOA. Finally, in Experiment 3, the motion direction of
letters ! and U was found to be more discriminable than C,
G, Z, L, and X.

DISCUSSION

The finding that no significant difference existed between
Experiments 2 and 3 is likely due to subjects only having
to make simple discriminations of stimulus direction, and
not higher -order cognitive discriminations such as symbol
or letter identif ication. This difference in tasks is likely
responsible for the dissimilar results found in a previous
letter - identification task (6). However, the similarities in
results between direction discriminability and letter
identification should not be dismissed. It may be that the
characteristics of letters that affect their motion- direction
discriminability also play a role in their identification.

In general, the results due to temporal manipulations are in
agreement with those of Craig (3, 4), who used a letter -
recognition task. The difficulty in discriminating motion
direction at the briefer SOAs can be accounted for by
temporal integration between stimulus frames. Evans (5)
suggested that a tactile stimulus creates a trace that is kept
in a sensory store, from which it immediately begins to
deteriorate. If a second stimulus is presented in close
temporal contiguity with a preceding sti m ulus—such that the
first trace has not sufficiently deteriorated —then the two
traces will combine, effectively masking each other. In this
study, each display frame is affected by forward and
backward masking caused by the preceding and succeeding
display frames, respectively. Craig (4) found evidence that
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temporal integration caused vibrotactile patte rn masking.
Also, temporal integration increased as SOA between

patterns decreased (3), and almost total integration occurred
at SOAs of less than 10 ms (4).

The data support the masking hypothesis. Performance
increased with increasing SOA, suggesting that at longer
SOAs masking has less of an effect on discrimination of
motion direction. Whereas percent correct discriminations
were at chance level at an SOA of 5 ms (except in
Experiments 2 -B and 3 -B), they approached asymptote at 15
ms SOA (see Figure 2). Also, the greatest increase in
performance occurred between 5 and 15 ms SOA.

Motion may be determined by comparing relative
displacements of stimuli on the skin. For example, for a
left- moving stimulus, the f irst pattern is succeeded by
another one slightly to the left of it. The direction of
motion may be inferred by comparing the relative
displacements of successive frames. Evans (6) found that
subjects could not determine the order of two events at
brief SOAs, due to masking probably caused by temporal
integration. Thus, at brief SOAs, errors in judgments of
temporal order may cause errors in motion direction
inferencing.

Experiments 2 -8 and 3 -13 produced greater discriminabiliry
of motion direction that cannot be accounted for in terms
of SOA. The patterns scrolled across a greater distance and
were presented for a longer display ti me in Experiments 2 -B
and 3 -8 than in Experiments 2 -A and 3 -A. By examining
the results in terms of display time, however, these
differences are diminished (see Figure 3). It is apparent that
SOA alone cannot account for the results, but because
display time is confounded with distance of motion, one
cannot reach a conclusion regarding the basis of the
increased motion direction discriminability in Experiments
2 and 3 (compared to Experiment 1).

Meeting: Pacific Division, Vancouver, BC.
7. Lechelt, E. C., & Loepelmann, K. A. (1990). Effect of
presentation rate in tactile discrimination of dynamically
presented symbols. Canadian Psychology, 31, 206.

Karsten A. Loepelmann
Department of Psychology
P220 Biological Sciences Building
University of Alberta
Edmonton, Alberta, CANADA, T6G 2E9
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direction as a function of SOA.
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The above findings have implications for sensory 40
substitution in general, and tactile reading in particular.
Future research in this area should identify the
characteristics that make spatio-temporal tactile patterns
such as letters more discriminable, and investigate how
SOA interacts with display time and distance of motion, in
order to determine the most efficient means of "reading'
using the OPTACON. ,m
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THE EARSIGHT PROJECT: MAPPING OF VISUAL SPACE INTO ITS 3D AUDIO ANALOGUE,
A NEW BLIND AID

David A Boonzaier
Rehabilitation Technology Group

University of Cape Town & Groote Schuur Hospital
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Abstract

Some recent technological break-
throughs in mimicking the higher
animal retina's ability to prepro-
cess visual signals and the maturing
of binaural (true 3D) sound imaging
systems provide a unique opportun-
ity window for a completely new de-
vice for helping the blind to "navi-
gate" and advoid obstacles.

In the past there have been severe
stumbling blocks in that blind aids
were either narrow -field ranging
systems, eg the ultrasonic cane -
which required a large amount of
purposeful and cognitively demanding
manual scanning to "build -up a men-
tal picture ", (serial scanning) or
otherwise 2D (vibro - tactile) repre-
sentations with the implications of
wide bandwidth (information- transfer
rate) and the awesome problem of
distinguishing features of interest
from background noise in the face of
poor spatial resolution. The inhe-
rent problem of how to transfer this
large amount of information in par-
allel to the blind user remains un-
solved, in spite of many years of
research in 2D vibro - tactile, elect-
rical surface stimulation, implanted
micro - electrodes in the occipital
(visual) cortex etc.

New Technologies

In publications in the last 2 years
by the CALTECH LSI group under Car-
ver Mead (see ref) , has revealed a
completely new approach to the pro-
blem of handling large amounts of
real -world data in real -time. The
imprecise -ness and /or uncertainty of
these kind of data lend themselves
to large -scale manipulations such as
preprocessing: feature extraction,
spatial and temporal filtering etc.
In order to do these in anything
like real -time precludes a digital
approach. The technology - pioneered
by Mead uses multi - layered LSI net-
worked elements in an analogue com-
puting solution to the problem. The
connectivity of the particular ana-

9.8

logue elements represents the hard-
wired (programming) aspects which
uniquely define the mode of opera-
tion of the network. One recent
project, the subject of a PhD thesis
by Misha Mahowald, uses just such an
approach to mimicking the retina's
architecture and function. The out-
put of this "artificial retina" is
not a large amount of visual 2D par-
allel data as one would expect from
a simple CCD video camera) but
rather a qualitative set of 3D refe-
rence points where "something of
interest" exists. Features of inte-
rest may be: hard edges, eg a verti-
cal bar of narrow width might repre-
sent a pole, a horizontal step
change in brightness - the horizon:
or more interestingly things moving
relative to background may be either
truly moving objects, eg another
person - or otherwise inanimate ob-
jects appearing to move since they
are nearer the moving "eye" (the so-
called visual flow field).

This work constitutes a major break-
through in the real -time data reduc-
tion /feature extraction problem
which has bedevilled the artificial
vision, (sometimes called robotic
vision) field for many years.

Another more mature technology, pio-
neered by the NASA AMES group, (Fos-
ter, Fisher, Wenzel) and since com-
mercialised as the CONVOLVATRON (see
ref) is part of the explosion of
auditory, visual, touchy and feely
human interface devices which are
entering the highly lucrative market
of VIRTUAL REALITY systems. This
new concept addresses the fact that
a human user interacting with infor-
mation technology devices is severe-
ly limited by the traditional inter-
face, ie screen and keyboard. The
multiplicity of human sensory and
motor - output capabilities, provides
a much richer experiential environ-
ment than current interfaces allow.
The object of vitual reality
research is to build a better map-
ping of the information space onto
the users' perceptual and semantic
world.
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The Challenge

Totally blind people usually have
all their other senses and it is the
object of this rather ambitious pro-
ject to use the redundancy in infor-
mation - handling capacity of the
blind to al low represe ntation of
their ab sent vis ual sens ation by
transforming it into the AUDITORY
domain.

To  cl a r if y  th i s idea, which for
those of normal visual ability may
be difficult to conceptualise, con-
sider the notion of a blind person
who enjoys going out into his garden
when it is raining, to "listen to
the garden" - not the rain. As you
can imagine, the blind listener will
"hear" each significant object - the
garden shed, the pathway, the lawn
differently - each in its precise
place and with a particular "text-
ure" or sound coloration peculiar to
the nature of the surface, eg hard -
the path or soft - the lawn.

Methods

The first phase of this project will
be to allow congenitally blind chil-
dren, as young as is practicable, to
play in a highly structured interior
space, with walls, chairs, tables,
sofas, doors etc. Whilst experienc-
ing the real sensations of 3D space:
distance, position, size and texture
to the touch, they will be given,
via earphones, synthesized auditory
ICONS of the same space, including
the objects, which are produced by
the convolvatron at the precise pos-
ition and with particular sonic tex-
ture to help identify their situa-
tion, size, character and surface.
The biggest challenge in this phase
of the project is to choose suitable
auditory ICONS ie outlines and fill -
in sound - texturing to provide enough
useful information to define posi-
tion and to help identify the
object.
Once this psycho - perceptual problem
is solved we will be in a better
position to use the information to
design an automatic visual feature -
extraction system which will provide
the input to the auditory icon -text-
ure generator.

The concept of " visualising" the
shape and layout of a room by tap-
ping a cane and /or listening to the

natural echoes from sounds and
speech is well -known (ref). Many
blind people develop an uncanny
ability to use this information -
which, of course, is redundant to
the sighted people (and is probab-
ably overlooked).

The resolution of the silicon arti-
ficial retina is at present a limit-
ation, but seems to be only a prob-
lem of scaling (with cost- implica-
tions).

Preliminary results in the audio -
representation field are encouraging
and we do not foresee a problem in
this area.

One remaining consideration is the
lack of an overall direction -feed-
back mechanism for incorporating
into the aid. It is possible that
with the decrease in cost and incre-
ase in resolution of portable satel-
lite- navigation- systems this techno-
logy may be added to allow blind
users to have a constant reference
for direction and position even when
walking freely in open spaces.

Conclusions and Future Considera-
tions

This is a very large project but can
be attacked in chunks. Key resear-
chers in the fields of:

• Silicon retina /LSI feature extrac-
tion

• Psychoperception of audio - imaging

• Virtual reality audio representa-
tion

have agreed to cooperate (ref). The
coordiation of the project will be
the responsibility of the author who
is undertaking his sabbatical at
Stanford University as from June
1992. Researchers interested in
collaborating in this project should
communicate with the author.
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10.1 A Simple -To -Use Software Assessment Package

for Testing Cursor Control Ability

Paul J. Schwartz and Karen L. Milchus
Center for Rehabilitation Technology

University of Wisconsin -Stout
Menomonie, WI

ABSTRACT

The effective use of a pointing
device such as a mouse or
trackball is important in
operating a graphical user
interface or computer aided
design system. Presently, there
are no low -cost software packages
available to test pointing
ability objectively.

This paper describes a software
package that has been developed
to test targeting, pointing,
switch activation, and dragging
ability. The program is simple
to use for the client and
evaluator. Time and accuracy
data are recorded and available
in detailed or summary form.

INTRODUCTION

There has been a dramatic
increase in the use of graphical
user interfaces (GUI) in many
computer software environments.
Low -cost computer aided design
(CAD) systems are also increasing
in use. These systems require
effective use of a pointing
device. The selection of an
appropriate device may determine
whether or not a GUI or CAD
system can be used.

Pointing devices are often chosen
using a subjective trial and
error approach. Several
researchers have tried to compare
the operation of pointing devices
(Baecker and Buxton, 1987;
Dymond, Potter, and Griffiths,
1990). In addition, at least one
IBM -based testing system has been
demonstrated (Brownlow, et al.,
1990). However, currently there
is no system readily available to
objectively assess the use of
pointing devices for GUI or CAD
applications.

We felt that such an assessment
package would help evaluators
make an objective choice of an
appropriate pointing device.

Quantifiable data may also assist
in the specification of equipment
to a funding agency. Given this
need, a software package has been

developed that tests pointing
ability on various devices and
records results for analysis and
comparison.

DESIGN OBJECTIVES

♦ T h e t e s t s h o u l d
quantitatively assess direct
manipulation of a pointing device
in terms of speed and accuracy.

♦ The test should operate
similarly to an actual CAD
application.

♦ The test should be able to
compare a variety of input
devices.

♦ The test should be easy for
the evaluator and client to
operate.

♦ The test should take a
"reasonable" amount of time.

♦ The software should be
affordable.

♦ The data should be available
in summarized or detailed form.

♦ The test should have
repeatable results.

DESIGN

A Macintosh -based system was
chosen as the platform for the
software. The Macintosh is
commonly used in assessment, it
is GUI based, and is a popular
option for low -cost CAD packages.
In addition, no Macintosh -based
assessment software of this type
has been developed. Finally, a
user friendly software package is
relatively simple to program on
t h e M a c i n t o s h , k e e p i n g
development cost comparatively
low.
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Te s t  f o r  C u r s o r  C o n t r o l  A b i l i t y

T h r e e s e p a r a t e t a s k s w e r e
de v e l o p e d t h a t t e s t t h e s k i l l s
r e q u i r e d t o u s e a C A D o r G U I
sy s te m : targ eti ng,  po int ing  -a nd-
cl i c k i n g ,  a n d  d r a g g i n g .

Startup

Wh e n  l o a de d ,  t h e  p r o gr a m  d i s pl a y s
•  t i t l e  s c r e e n  a n d  t h e n  p r o v i d e s
•  s c r e e n  w i t h  p r o m p t s  t o  r e c o r d
c l i e n t a n d a s s e s s m e n t
in f or m at i on . T h e  e v a l u a t o r  m a y
c h o o s e t h e t y p e of po i n t i n g
d e v i c e  a n d  t h e  t a s k ( s ) de s i re d .
A l l  t h r e e  t a s k s  m a y  b e  t e s t e d  o n
t h e s a m e tr i a l . A p r a c t i c e
se s si o n a pp e a rs  be f or e  ea c h t as k .

T a r g e t i n g  T a s k

T h e t e s t s c r e e n d i s p l a y s fo u r
si m i l a r t a r g e t s in a s q u a r e
pa tt e rn . T h e c l i e n t mu s t
po s it i o n t h e c ur s o r o n  t h e t a rg e t
in d ic a te d  b y  a n  a r ro w  a n d h ol d  i t
t h e r e f o r  0 . 5 se c o n d s . W h e n  a
0 . 5  s e c o n d  p a u s e  i n  m o v e m e n t  i s
d e t e c t e d ,  t h e  c u r s o r  p o s i t i o n  i s
r e c o r d e d  a n d  t h e  n e x t  t a r g e t  i s
in d i ca t e d by t h e ar r ow . T h e
p r o c e s s c o n t i n u e s un t i l t h e
c l i e n t  m o v e s  a r o u n d  t h e  s q u a r e .
T h e t a s k b e g i n s w i t h a la r g e
t a r g e t  a p p r o x i m a t e l y  t h e  s i z e  o f
a fo l d e r ic on in t h e  M a c i n t o s h
sy s te m . Af t er  th i s  i s  c o m pl e te d ,
t h e ta s k is r e p e a t e d u s i n g a
sm a l le r  t ar g e t , a p pr o x i ma t e l y t h e
size of a mini -icon. Th e  t as k  i s
re p e a t e d a t h i r d t i m e u s i n g a
t a r g e t  a p p r o x i m a t e l y  t h e  s i z e  o f
th e  " p u ll  - bo x " t y pi c a ll y  u s e d i n

CA D  pr o g ra m s .

Po i n t i n g  a n d  C l i c k i n g  T a s k

T h e  s c r e e n  d i s p l a y s  a  p a t t e r n  o f
f i v e  t a r g e t s ,  e a c h  a p p r o x i m a t e l y
th e  s i z e o f  a  pu l l  - b o x,  ar r a ng e d
in a s q u a r e p a t t e r n wi t h o n e
ta r g e t in t h e m i d d l e o f t h e
sq u ar e , off - center, s i m i l a r t o
th a t s h ow n  i n  Fi g . 1 . Th e  c li e n t
is r e q u i r e d t o  m o v e t h e cross -
ha i r c u r s o r to t h e ta r g e t
in d ic a te d b y t h e ar ro w, th e n
'[c l i c k " t o s e l e c t t h a t po i nt .
T h i s  i s  r e p e a t e d  f o r  e a c h  t a r g e t
in a p a t t e r n t h a t a l l o w s ea c h
di r e c t i o n (n o rt h , ea st , so u th ,
we s t ,  a nd  t h e  di a g o n a l

di r e c t i o n s ) t o  b e t e s t e d . T h e
le n g t h f r o m b e g i n n i n g p o i n t t o
t h e  t a r g e t  i s  t h e  s a m e  f o r  e a c h

mo v e .

D r a g g i n g  T a s k

T h e s c r e e n d i s p l a y s t h e f i v e
ta r g e t s a s  i n  t h e  p oi n t  a n d c l i c k
ta sk , a s  s h o w n  i n  F i g . 1. T h e
cl i e n t  i s r e q u i r ed  t o  d r aw  a  l i n e
fr om o n e t a r g e t t o an o t he r ,
in d i ca t e d b y t h e w o r d s "b e g i n "
and "end ". T h e  p r o c e s s  t o  d r a w
is s i m i l a r t o t h a t of a C A D
pa c k ag e . T h e  c l i e n t  m u s t  p o i n t
t h e c u r s o r at t h e de s i r e d
s t a r t i n g po i n t , c l i c k a n d h o l d
t h e p o i n t i n g d e v i c e sw i t c h ,
" d r a g "  t o  t h e  " e n d "  t a r g e t , an d
re l e as e . Wi t h  t h i s  a c c om p l i sh e d ,
t h e  s t a r t  a n d f i n i s h  i n d i c a t o r s
m o v e o n to t h e n e x t s e t of
ta r g et s , w i t h t h e f o r m e r "e n d "
p o i n t b e c o m i n g t h e n e w "b e gi n "
po i nt . T h i s  i s  r e p e a t e d  i n  t h e
sa m e  s e q u en c e  as  i n t h e  p o i n t a n d
cl i c k  t e s t .

BEGIN
� +

O
O

END
O

O

r . .
prac tice

CIICk at BEGIN
target, hold
wnl le mov ing
to END target,
and release

CONTINUE

Fi g u re  1 . P r a c t i c e  S c r e e n
f o r  t h e  D r a g g i n g  T a s k

D a t a  C o l l e c t i o n

Time and accuracy are recorded
for each task. Time is measured
in tenths of seconds and accuracy
is based on a linear 0 to 100
scale. A cursor position
directly on the target is scored
as 100, and a cursor position
further than 1/211 away from the
target is scored as 0. Points
falling within the 1/211 range are
scored as a linear function of
the distance from the target.
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Test for Cursor Control Ability

The targeting task records the
time required to reach each
target and the accuracy of the
cursor position.

The pointing and clicking task
records the time it takes to
center over the desired target,
the time required to "click" once
the target is located, and the
accuracy of the cursor position.

The dragging task measures the
initial accuracy at switch
activation, final accuracy upon
deactivation, and the time
required to move from the
beginning to end point.

All data are saved in ASCII
format for later analysis. The
data are presented in a time and
accuracy "composite" score for
each task. If desired, the data
are also shown in detailed form
for analysis of where the
difficulty may lie in each task,
such as problems with specific
directions or switch activation.

CONCLUSION

There are many factors involved
in the assessment process that
help an evaluator and client
determine the best possible input
device for a given application.
Learning, comfort, cost /benefits
and fatigue all may play a role
in choosing a product. It is
hoped that this simple -to -use
software program will be a
helpful item in any evaluators
toolbox.
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S p e e c h Re c o gn i t i o n: P r e l i mi n a r y Re s u l t s
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A b s t r a c t

As part of a project to develop an assessment
and optimal des ign procedure for computer
c o nt ro l by p e r s o ns with ne u ro mo t o r
disabili ties , a speech recognition assessment
has been designed which captures speech data
and allows it to be manipulated off -line.
Anal ys es ca rr ie d out with data from
individuals with dysarthria (unclear speech)
allow review of aspects of each individual 's
speech relevant to the project goal, including
dis tinc tness , accuracy, test - retest re liabili ty
over time, and relation to a clinical test of
intelligibility. Results are presented for three
individuals with dysarthria .

B a c k g r o u n d

T he go a l of mu c h a u g m e n t a t i v e
c o mmu ni c a t i o n and c o mp u t e r int e r f a c e
research has been to imp ro ve comput er
ope ra ti on and co mmuni c at i o n rate . This
project takes the approach that computerized
speech reco gnit ion may be exploited as
another control mode which can be integrated
into the control stra tegies available to an
individual with neuro motor disabili ties . The
ba ck gro und for this proj ect has been
described elsewhere (1).

The firs t stage of this project has been
directed to development and tes ting of a
speech recognition accuracy assessment for
persons with dysarthria , unclear speech due
to neuromotor disabili ty.

Re s e a r c h Q u e s t i o n s

The primary research ques tion of the project
as a whole is whether and to what extent the
evaluation and optimal des ign technique to be
de v el o pe d will imp ro v e the co mp u t e r
op e ra t io n prod uc t iv it y of per so ns with
ne u ro mo t o r di s a bi l i t i e s . T he hy p ot hes i s
underlying this ques tion is that speech and
motor control acts can be integrated in order
to enrich the repertoire of strategies available
to an indi v id ua l for op e ra t ing her /his
computer_ Tes ting this hypothes is requires a
speech assessment which captures speech and
makes it available for evaluation by the
recognition device off -line, so that it can
figure in the proc ess ing carried out by
opti mal des ign algor it hms . Note that this
approach to acq ui ri ng speech rec ogniti on

10 . 2

data differs from standard practice, in which
the individual is present, and his /her speech
is submitted to the recognizer in real time, for
matc hing agains t a s ingle , specified set of
templates previous ly created and stored in the
de vi ce .

M e t h o d

Partic ipants in this study are individuals who
identify themselves as having unclear speech
and who are able to read. the target words of
the assessment vocabulary lis t. Prior to the
assessment, each participant read a list of 50
wo rd s f ro m t he Beu ke lman - Yo rk s t on
dysarthria test (4). Each of these words is
selected at random from its set of 12, and
presented to the partic ipant on the computer
screen. The partic ipant speaks the words into
the microphone and they are tape recorded
for evaluation by judges (two of the authors ),
who attempt to identify each word from the set
of 12 of  whi ch it is a member. One purpose of
this evaluation is to communicate our results
more clearly by provi ding an independent
measure of the severity of the dysarthria of
t he p a r t i c i p a n t s i n t he s t u d y .
Characterizations of study participants by type
and degree of dysarthria alone are inadequate
for this purpose. The clinical measure also
allows for comparison between inte lligibili ty
to human receivers and inte lligibil i ty in
respect to the recognition device. Judge 1
(H H) was famili ar with the partic i pants '
speech, while Judge 2 (CGT) was relatively
unfamiliar with their speech. No participant
spoke a regional dialect that was unfamiliar to
either of the judges.

% correct word identification
Code Gender Age Educ.  Etiology Judge 1
Judge 2

TM M 48 10 TBI 88 88
JG M 43 14 CP 94 80
LF F 36 17 CP 94 86
BK* M 23 16 NA 96 94

Ta b l e 1. P a r t i c i p a nt s in t he s t u d y
*BK is an individual with typical speech
whose scores arc provided for reference.

The speech recognition system utilized was the
DragonWriter 1000, an isolated -word, speaker -
de p e nde nt , 1000 -word vocab ulary sys tem
installed in an IBM - compatible computer. An
audio tape- recorder is also used. Speech is
captured and stored by the Dragon system, and
is simultaneous ly tape - recorded.
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Data collection takes place us ing presentation
software developed in the project. Each word is
presented on the screen (in enlarged print),
and when the part ic ip ant is ready s /he
pronounces the word. In case of a fluff
(because of environme ntal noise , mis reading
of the word, coughs , extraneous speech) the
captured materia l is dele ted and re- presented.

The assessment word list contains 171 words,
made up of 24 words . se lected for their
phonological properties , the 26 words of the
military alphabet ( "alpha ", "baker ", "charlie ",
etc. ), the 10 digits , and 111 words which are
ty pi ca l c o mp u t e r op e ra t i o n words and
s y no ny ms for these words . The lis t is
randomly divided into four subsets of roughly
equal size , in order to allow for rest breaks
after at leas t every 40 words. The data
colle ction soft ware presents the words for
each subset in a randomized order, in order to
avoid sys tematic order effects. Data collection
co u l d be i nt e r ru p t e d for pa us es at
partic ipants ' reques t. Twelve productions of
each target word were collected, over two to
six sess ions .

The fundamental units of speech recognition
data for the DragonWriter system are t o k e n s
and m o d e l s . A t o k e n is the internal
re pre se nta t io n used for a giv en speech
sample , while a m o d e l is a template for a
pa rt i cu la r word, aga ins t whi ch inc o mi ng
spe ech sampl es are compared du ri ng the
re c o gni t i o n pro ces s . T he Dra go nWr i t e r ' s
soft ware develo pment library provides tools
that allow for the creation of models from one
or more tokens , and for the submiss ion of
tokens to be recognized agains t any exis ting
set of models . During the m o d e l - b u i l d i n g
process , the recognition sys tem can either
accept a token or re ject it as being unsuitable
for inc lus ion in the model. Dur ing the
r e co g n i t i o n (identification) process , a token
may be re je ct ed (Le., no identification is made)
or c o n f u s e d (the wrong id ent if i ca t io n is
made). Counts of re jections and confus ions
cons titute the data for the analyses described
be l o w.

The des ign of the software and algorithm for
selecting subsets of the vocabulary will be
discussed elsewhere (2).

D a t a a na l y s i s

Following are the conditions under which data
were analyzed:

Al l  - t o  -a l l : Models were co ns truc te d by
submitting all 12 tokens for each word for the
model - building proc es s ; r e c o gni t i o n was
carried out by offering the entire set of 12 x
171 to k ens for ea ch indi v id ua l to the
re co gni ze r for ident ifica tion in respect to
these models .

Som e - to-  ot her s : Models were cons tituted by
submitting 6 randomly chosen tokens of the
12 collected for each word; the other 6 tokens
for each word (those not offered to the
modelling process) were then submitted to the
recognizes for identification.

Som e(Ti me N)- to- others(Time M): This is a
specia l case of Some -to- others des cr ib ed
above: the tokens used for the model are not
only different from the tokens submitted for
recognition, they are also prior in time to the
tested tokens . In the data described below,
models were made from 6 tokens collected
during the firs t half of data gathering, and
tes ting was carried out us ing only tokens
collected subsequently.

The data were analyzed in the following ways:

To k e n r e j e c t i o n : P e rc e nt a ge of to k ens
submitted which were rejected in the building
of the model for each word, averaged across
the entire list of words.

D i s t i n ct n e s s : 100 minus average percentage
confus ion in recognition. The percentage of
tokens confused for each word is averaged
across the entire list of words, and this is
subtracted from 100.

Accu r a cy : Percentage of tokens submitted for
recognition which were identified correctly
(i .e ., neither confused or rejected), averaged
across the entire list of words.

Rel ati ve In f o rm at io n Tra ns f er : A metric
based in information theory that evaluates
speech recognition confus ions in a manner
that accounts for regularities in confus ions ,
described in more detail in (3).

R e s u l t s

The following table presents results for the
All -to -all condition (Table 2. ), the Some -to-
others condition with random selection of
tokens (Table 3. ) and the Some -to- others
condition with tokens selected on the basis of
time collected (Table 4.):

TM IG LF
Mo d e l -  b u i l d i ng ( % )
Token Rejections 13.4 11.3 11.6

T e s t i ng (% )
Di s t inc tnes s 93.8 94.6 86.8
Ac c u ra c y 91.4 93.2 86.8
Rel. Info. Trnsfr 96 97 92

Ta bl e 2. All -to All: Mod els f ro m 12,
Tes ti ng of sa me 12
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TM JG LF
Mo d e l -  b u i l d i ng ( % )
Token Rejections 11.7 13.2 11.9

T e s t i ng (% )
Di s t inc tnes s 86.4 86.2 74.2
A c c u ra c y 82.0 83.7 73.2
Rel. Info. Trnsfr 93 94 87

Ta bl e 3. Some -to -some: Models from 6
selected at r a nd o m, Te s t ing of 6 ot he r s

TM* JG LF
Mo d e l -  b u i l d i ng ( % )
Token Rejections 12.0 10.9 10.5

T e s t i ng (% )
Di s ti nct nes s 85.4 83.8 72.4
A c c u ra c y 81.4 81.4 72.5
Rel. Info. Trsfr 92 92 86

Ta bl e 4. S o m e ( T i m e 1) -  t o-  s o me(T i me
2): Models fro m tok ens collected at Time
1, Tes ti ng of tok ens selected at Time 2.
*5 tokens tested

D i s c u s s i o n

A comparison of the accuracy scores obtained
when the same tokens utilized in the model are
submitted for recognition (shown in Table 2. ),
with the accuracy scores for tokens different
from those used in the model (shown in Table
3.) provide a representa tion of the variability
in the speech of these individuals . Us ing
accuracy in the All -to -all condition as a
re fe r e nc e , ac c u ra c y in some -to -other
conditions can be evaluated for the effect of
number of tokens in the model. The purpose of
this analys is is to det ermine how much
"tra ining" is required for each item by a
particular individual in order for her /him to
achi eve acce pta ble accuracy. Data from
add it ional ind iv id ua ls with mo re severe
dysarthria and from individuals with typical
speech, currently being collected, will allow
us to assess the validity of the difference
between all -to -all accuracy and accuracy
when different tokens are used in modeling
vs. testing.

The data reported above are all for the whole
vocabulary set of 171 items_ However the data
capture and analysis technique described here
makes it poss ible to examine the same data
under different vocabulary subset conditions .
Ques tions which can be inves tigated utilizing
the collected data set include the effect on
d i s t i n c t n e s s , a c c u ra c y and re l a t i v e
info rmat io n transfer of factors of interes t
i nc l u d i ng word le ngt h (in nu mb e r of
syll able s ), co ns onant blends versus s ingle
co ns onants as syllable initia ls , amount of
movement of the articulators (e.g., "cocoa" vs.
"soggy "), pho no l o gi c a l dis ti nc ti ve ne ss of
members of set (how different the words are

from each other) and number of words in the
set. Particular points in time can also be
compared, by cons tructing models and tes ting
tokens from time periods of interest, e.g., pre,
during and post for a course of medication.

The Time 1 versus Time 2 data presented in
Table 4. above provide preliminary evidence
of test- retest re liabili ty of this assessment
technique. Models cons tructed from the first
half of the data collection yielded accuracy
scores which differed only slightly from the
scores obta ined with random selection of
tokens for models and testing with the residual
tokens (shown in Table 3).

Opt imal de s i gn of a speech reco gnit ion
i nt e r f a c e fo r p e r s o ns wi t h s p e e c h
impa irme nt s requires an und er s t andi ng of
each individual's capabilit ies and preferences .
By ana ly zing speech samp les with the
recognition system under a variety of tes ting
conditions , it is hoped that the assessment
protocol described above will aid in the des ign
of speech recognition vocabularies that will
provide the user with maximal utility and ease
of use. The data presented above represent
preliminary evidence that the protocol will be
able to perform such a role.
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10.3 Determining Efficiency of User Assist Systems on Graphic al Computers

Jeff Lewis, Rand y Marsden and Steve Chrisafulli
Mad enta Communic ations Inc.

Ed mo nton, Alberta Canada

Ab stract

Many claims fo r the relative efficienc y and  p rod uc tivity o f
various user interfaces currently circulate in the popular media
and even the more scho larly jo urnals, yet little statistical
evid enc e o f an ob jec tive nature exists to justify thes e c laims.
Further, as new user interface ass ists are develo ped  with the
go al of as sis ting motio n limited  us ers , the q ues tio n o f real
improvement in efficiency and productivity become paramount
- if  a new ass istanc e devic e o r pro gram ac tually hinders,  it
should not be promoted as being helpful.

At a simpler level, there is the question of selecting the
ap pro priate s olution fo r a given ability limitatio n in a more
efficient manner and determining if  a  ne w solution under
development is any better than existing solutions.[l; 21

This paper discusses one attempt to collect and analyze
meaningful data about how users interact with their computers
and  in specific, ho w they interac t with keybo ard and  mouse
replacements.

Backgro und

In all graphical user interface systems, the method by which the
user interacts with the computer is the "event ". Events, which
can be thought of as a message sent from the operating system
to  a p ro gram, are c aused  when the user interac ts  with the
comp uter's  hardware or when some situation requiring the
computer's  attentio n oc curs within the machine. So me events
would be a key press ed down o r released,  the mous e b utton
pressed or released or a disk being placed in a disk drive.

The core of a program written for graphical systems is what is
commonly c alled an "event lo op " , T his  is  a sec tio n o f c ode
which waits for incoming events. Typically, a program will wait
until an event is posted (becomes available) for the program and
may do other tasks while waiting. In c urrent systems, a call to
the operating system is regularly made to ask the system if an
event is waiting.  Next, the event is c hecked to  s ee if  it is an
event which should be handled by the operating s ystem and if
not, then it is  c hecked agains t a list  o f events whic h can be
handled by the program.

Events which cannot be handled by the operating system or the
program go unattended and eventually drop out of the queue.

Some systems, notably the Amiga and Windows, prevent certain
events from reaching the program, preferring to let the operating
system catch these before the program can see them. This makes
the programs simpler, but makes writing code which
intentionally intercepts the system information difficult.

The P ro blem

Measuring efficiency or gains in productivity is difficult
primarily becaus e of the vagueness of these terms themselves.
In the area of motion - limited user assistance on a graphical user
interface based computer, one definition for improved efficiency
and productivity would be that a system reduces the amount of
time moving the mouse between "action" areas — places on the

screen over which the user may want to place the mouse— or
reduces the time spent typing in both the number of keystrokes
and the time taken to type each stroke.

To that end, a s ystem is required whic h c an mo nito r the
movements  of the mouse po inter, the t ime b etween mo us e
button presses and where they occur, the time between
keystrokes and the time between the depression of a key and its
subsequent release.

One complicating factor is that the range of applications a user
may c ho os e to  use and the widely varying natures of tho se
applications makes analysis of collected data difficult and
somewhat context sensitive.[31

Approach

The mac hine of c hoice fo r this pro ject  was the Mac intos h
computer. It allows the greates t access to the system through
predefined mec hanisms while s till p rovid ing a high level of
program support. Further, there exists very complete systems
level doc umentatio n and  a strong co mmitment to  maintain a
cons istent interface fo r the programmer as  well as  the users.
This ensures that specialised s oftware such as  that described
herein, are not likely into interfere with other applications.(41

A special class of program on this machine is called an "INIT" -
a program which is run in very limited environs before anything
else, inc lud ing the p rimary user interface, has started. The
program is given an o pportunity to lo ck itself into p lace and
take control of any system level operation. INITs do not have
any user interface simply because when they are run, there is no
user interface system running.

A comp anion program type is c alled a "cDev ". T his type of
program often acts as a user interface for INITs.

Rather than trying to build one large p ro gram whic h do es
everything,  the pro blem was d ivid ed into  three c omp onents:
data collection, control of the data collection program and data
analysis.

Watcher System Events Monitor

❑ Watcher is active

❑ Teak❑Launch❑/Switch❑Info

❑ IMouse Down [I Update Event
❑ Mouse❑uo [)Disk Event
❑ Koggown [3 Activate Event
❑ Keg up ❑ OS❑Event
❑ Auto❑Keg ❑ Aighl.❑—I❑Event

Sel log flle

Figure 1 - The Control Panel

The first two would be combined into a "cDev" program which
included an "INIT" program. On startup, the D4IT would take
insert a piece of code into the Macintosh's normal event posting
systems. This code would catch every event generated by the
system and write a copy of it to a rile specified by the user via
the cDev.
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One of the events generated by the Macintosh operating system
is the "null" event, used to give background programs time to do
things. These events occur nearly continuously when the user is
not actively interacting with the computer and would rapidly fill
any storage device holding the history file. As a result of this,
"null" events are not recorded.

Further, the user can select which types of events can be filtered
out if less detail is preferred. A new holding file is generated on
eac h startup to help partition the data into  smaller, related
blocks. Pleasesce Figure 1 on page I for an example of the types
of events which may be filtered..

Once the data have been collected for a period, a second
program is used to either translate the data into a format which
can be used with more powerful statistical analysis programs or
to do limited forms of analysis on the data.

Again, there is  a prob lem of context related  to  the co llec ted
data. If  the us er is using a p ro gram which primarily text
oriented, then monitoring mouse movement may be misleading.
Conversely, a drawing program will rarely require keystrokes,
so monitoring keystroke information will lead to erroneous
conclusions.

loo1 4 .W _ ,

O a r

Figure 2 - Letter Frequency Chart

To so lve this,  every time a p rogram is  run,  o r bec omes  the
foreground program, information about the program will be
recorded in the history file. In this way, the person doing the
analysis can selectively ignore events based on the program
running during the period of the analysis.

E F H
607 942 69 617 31 219 607 681' 36 11

a 10 1 516 698 2 9S7 327 556 16 759
C 869 773 209 30 1 361 216 181 363, S21

D 517 470 818 615 108 936 Z10 441 307 194
E 688 310 621 971 818 671 799 441 872 675

F 476 662 19S 610 37 S43 947 189 259 79
ago 123 96 857 326 789 197 509 S3S 822

H 623 720 613 3 M 115 S 916 t 8 912 BOS.
I 915 911 524 331 140 201 32 939 386 196,

709 262 606 198 406 866 807 55 908 925

1 645 144 818 440 686 68 297 616 268 752'
681 236 564 059 285 959 535 271 25J 299.

M 9 6 101 26s 926 818 11 02 828 895

Figure 3 - Two Letter Frequency

The other half of the system in a conversion /analysis program
which allows the clinical or researcher to translate the raw event
records into a format which can be used by commercial
statistical analysis program suc h as MacSpin, DataDesk or
SPSS , by a spreadsheet pro gram fo r graphing.  The built -in
analysis provided by the system is fairly simple: single
keystroke frequency(see Figure 2), keystroke pair frequencies
(see Figure 3), keystroke pair t ime analysis, keystroke triples
analysis (for detection of typical error correction modes), mouse
down/up tithing, mouse tracking and coo rdination (how many
times did the user click then reposition and re -click) as well as
visual rep lay of the mous e /click events to view the user's
behaviour.

Discussion

The co mp uter monitor d es crib ed  o ffers clinic ians  a way to
objectively determine whether a specific computer access
solution is actually aiding the subject or is simply changing the
subject's behaviour without actually assisting,

It also  pro vid es a means to use a c omputer to detect cenain
functional disorders, such as dyslexia, by watching for
character - delete- character triplets and monitoring the frequency
of their occurrences(see Figure 4). It would also allow a
clinic ian to  detect more comp lex s equenc es of letter or letter
group transpositions through more advanced statistical

programs.

A possible index of cognitive delay may be found in the timing
of key pairs or recognition timing as measured by recall/replay
of key pairs.

Within the s cop e o f the original reaso n for this pro gram, to
determine the efficiency and effectiveness of keyboard layouts,
the test would consist of a standard text sample which skilled
and unskilled operators would repeatedly enter over a period of
days to determine which layouts are actually more efficient and
which are quicker to learn. Combined with frequency /time
analysis, it should be possible to fine tune a keyboard layout by
reassigning positions and retrying the new layout interactively.
This concept is not restricted to alphanumeric keyboards. Iconic
keyboards and systems which use icons in a non - keyboard
layout can also be monitored this way as long as the underlying

m
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Figure 4 - Letter/kcy/Letter Grid

code operates by passing events.

As well, this system is not limited to traditional pointing devices
such as the mouse. On the Macintos h, all po inting devices
interac t thro ugh the event system and  this ensures that  any
devic e which is pos itio n oriented (digitis ing tablet, t rackb all,
eye - tracker) can interface to the Macintosh as if  it were a
mous e. T he exist ing software base need  not kno w ab out the
special device, unless it wants to of course, and so we are given
a way to unifo rmly record classes of actions rather than
worrying about special hardware.

Other side- benefits of this monitor is that every keystroke and
mouse action is rec orded  in the s ys tem's  native format. By
taking advantage of the Macinto sh' s joumalling system, it
would be po ssible to add  feature whic h monito rs the user 's
actio ns and typing and  begin to pro vide adaptive, predic tive
assistance in much the same way that products such as
ScreenDoors and Telepathic predict the next likely word as a
user types and adapts the choices based on the user's word
usage. This idea would lend itself well to the idea of assisting
motion - limited users who wish or need to use a motion intensive
interface like a graphical system.
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It is  co nc eivab le that  other ass ists may b e derived from this
product including reconstruction of entered data after a system
failure, since every keystroke entered, including the error
corrections, are faithfully recorded, by replaying the events back
into the computer, the computer should be able to simulate the
user and redo  the lost wo rk. A produc t whic h operates in just
this way is already available on the commercial market.
although it offers no statistical analysis.

(Please note: numbers in figures are for purposes of illustration
only and should not be construed as actual data.)
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T HE  E F F E C T S  O F  C OG NI T I VE  I MP AI R ME NT  O N P E R F O RMANC E  W I T H AS S I S T I VE  T E C HNO LO G I E S
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Univers ity of Michigan

Abstract

Assistive technology techniques can result  in
increased cognitive and perceptual requirements  as
their des igns  accommodate  for increasing motor
impairment. The impact of these  requirements is
especially significant for people who experience
mental impairments  such asthose resulting from
traumatic brain injury or disease . A review of
cognitive and perceptual deficits specifically
associa ted with traumatic brain injury is  presented
together with an analysis of the impact of such
impairments on performance with ass is tive
technologies . Approaches  to assessment and
tra ining with ass istive technologies for users with
cognitive  impairment are discussed.

Background

People  who sus ta in brain trauma or disease can
experience a wide range of cognitive and /or
perceptual impairments  in addition to motor
impairments which can directly affect their abili ties
to operate assistive technologies . These deficits can
be classified into attention, orienta tion, memory,
verbal reasoning and problem solving, perceptual/
analytic abilit ies , social reasoning, and executive
abilities. Impairments  in any of these  areas  can
have a  direct impact on performance with an
assistive technology system.

Problem Statement

An accompanying paper (1) discusses the  cognitive
and perceptual requirements for accessing ass is tive
technologies. Support Is presented there  for the
premise  that in accommodating for increas ing
motor impairment, the  design of an assistive
technology usually results in increased cognitive
and perceptual requirements  being imposed upon
the user. These increases  in mental load can occur
from the use of various assistive technology
techniques  such as  scanning, encoding,
proportional control, etc ,.

Increased cognitive  and perceptual requirements
have performance cos ts  associa ted with them which
may sometimes offset or even outweigh any physical
efficiency gains  obta ined through various  interface
techniques (2,3). in the  extreme case the  mental
requirements  to operate  an ass is tive  technology
sys tem can even make it  inaccessible to certa in
users . While  this is  an important issue for those
with purely physical deficits, it is especially critical
for people  who additionally have mental
impairment.  This  paper specifically focuses on the
effects of cognitive and perceptual impairment on
performance with ass istive  technologies.

Approach

A brief review of cognitive and perceptual deficits
associa ted with traumatic  brain injury and disease
follows which describes how they can affect general
user performance. Examples are  presented to
illus tra te  the impact of such deficits  on the  use of
assis tive technologies. The emphas is of this  paper
will be on an analysis of performance with assistive
technologies designed for individuals  with either
motor or combined motor and cognitive
impairments . The concepts  presented, however,
should be readily generalized to technologies such
as cognitive remediation software , activity guidance
sys tems (4 -6), or other approaches  which are
designed for people  having primarily cognitive
Impairment with lit tle or no motor Involvement.

Attention. Attention is the abili ty to maintain
cognitive effort, free from distraction or interference.
There  are  three  types of a ttentional skills  which are
typically affected by injury or disease: sus ta ined
attention, se lective  a ttention, and a lternating
attention . Susta ined attention (or concentra tion) is
the  ability to mainta in effortful and /or deliberate
activity, free from distractibility. Selective attention
isthe ability to filter out irre levant or competing
influences in the  environment. Alternating
attention is the  ability to shift rapidly between
competing environmental stimuli or conceptual
lines of thought. All of these skills  are bas ic
prerequisites for learning to use  an ass is tive
technology sys tem and to develop skill with the
system (e.g., to drive a power wheelchair
independently and safely).

Some ass is tive  technology sys tems . such as
scanning interfaces , require  the ability to respond
ina rapid and timely fashion. This  type of sys tem
is not likely to be  successful with an individual
whose attentional skills are s ignificantly impaired
because such deficits often produce delayed
reaction time.

Orienta tion. Orientation, like  a ttention, is a
fundamental cognitive  skill which represents the
individual's appreciation of the  passage of events
and of self as  an element of the  environment. It too
Is a prerequis ite to the  purposeful, goal- directed
behavior that is  necessary to use an ass is tive
technology system.

Memory. Memory is typically considered to be
made up of multiple components  which can be
categorized in a  number of ways. Deficits  in any
component of memory can impact an individual's
ability to learn to use an ass istive  technology
system, although it is  often possible to compensate
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for mild deficits  by supplying external aids  such as
a list  of s teps  for common procedures . Memory
deficits will also affect performance. For example,
an individual who is  entering a  message into an
augmentative  communication sys tem may forget
what the  message is before  completing it , especially
since completion of the  message may take several
minute s . Individuals  whose memory deficits involve
non - verbal or spatia l information may have
difficulty developing skilled use of a  powered
mobility system, as even frequented environments
will a lways seem brand -new.

Verbal Reasoning and Problem Solving, Deficits in
this  area  involve any skill area  in which the
manipulation and use of verbal concepts is
required. For example . l imitations  with logical
thinking and problem solving can severely impact
an individual 's  ability to recover from s imple errors
while us ing an assistive  technology sys tem and will
therefore limit the degree  of independence that can
be achieved with the  sys tem.

Limita tions  in unders tanding conceptual
relationships (e .g. , s imilarit ies, differences , category
membership, analogical, or metaphorical
re la tionships) impact an individual 's  abili ty to learn
and use  assis tive technologies . This is particularly
true  with computer access  and augmentative
communication sys tems  where  encoding techniques
which rely on verbal concepts  require the  user to
recognize the  re lationship between an abbrevia tion
and its  expans ion. Choice of such systems for an
Individual with difficulties in verbal relationships
must be made with care , as  they may present
unnecessary or insurmountable  learning barriers .

Difficulty with specific  skills such as  reading
comprehens ion or vocabulary, including those
unrelated to aphasia, have a  c lear impact on choice
of system. Depending on the  degree or nature  of
the  deficit, i t may be necessary to se lect a system
that uses pictoria l or other non - verbal forms  of
Information in all aspects of interaction with the
user.

Perceptual /Analytic Abilities. Perceptual /analytic
abilities include non - verbal thinking skills  which
require  a  meaningful appreciation, interpreta tion, or
manipulation of spatial and configural information
about the environment, the body, or the body in
rela tion to the environment. Perceptual/ analytic
defic its may be accompanied by, but are  not
synonymous  with, sensory change. Deficits  in this
area  may, for example , impact an individual's
abili ty to maneuver a  power wheelchair safe ly
through the  environment, as  the  individual's  "map"
(perception) of the spatial environment may be
inadequate . As  another example , deficits in this
area might affect the abili ty to find and select
characters  or pic tures  from the display of an
augmentative communication sys tem.

Social Reasoning, Socia l reasoning skills are  a
complex set of abili ties which are  necessary for
effective interpersonal re la tionships. While  the
specific  definition of these  skills varies from culture
to culture, they generally include: the ability to
recognize and /or engage in socially appropria te
behavior in common s ituations; the abili ty to see
things  from another person's point of view;
sens itivity to another's emotional express ion; and
the ability to respond differently to particular social
behaviors  based upon the context in which they
have occurred.  These skills  are important for the
operation of many assistive  technologies. For
example, they provide the  basis for l inguistic
pragmatics, and as such are  necessary for fully
effective use  of an augmentative  communication
sys tem. Social reasoning also impacts performance
with powered mobility sys tems , providing a way for
the  individual to judge, for example, when driving
very c lose  to another person is fun and when it  is
dangerous or annoying.

Executive Abilities. Executive cognitive abilities are
those which permit effective adaptation and
accommodation to changing environmental
demands  through the appropria te and effic ient
integration of more basic cognitive  skills . These
skills  include; flexibility of thinking; the abilities to
plan, organize  and form stra tegies  for problem
solving; and self - monitoring and self regulation. A
minimum competency in these  skills  is  necessary
for an individual to understand what ass istive
technology is and decide whether i t is a desirable
intervention. Advanced levels of executive abilit ies
are necessary to effectively use many assistive
technology systems. For example , environmental
control sys tems may be programmed to perform
certain home control tasks  automatically, but for an
individual to use this  feature  effectively, he /she
must be able  to first develop an overall s trategy for
how appliances .  l ights, and thermostats  should be
manipulated over the course  of a day. As a second
example, some powered mobility systems  provide a
power recline  feature  that allows the individual to
independently provide pressure  re lief. For this to be
beneficia l, the  individual mus t have sufficient self-
discipline and self - monitoring ability.  Without
these abili ties, the presence of the system could
actually be  harmful to the  individual, since care
givers may assume that they need not assis t with
pressure relief.

Implications

Many people with cognitive impairment also
experience a physical disabili ty. These individuals
often have needs which can potentially be sa tis fied
through the use  of an ass istive technology system.
However, many such systems are  primarily
des igned for people with physical disabili ties and
may include (optional or mandatory) techniques  or
procedures that are  inappropria te  for a  user with
mental impairment.  Therefore , proper knowledge
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and understanding of a potential user's  cognitive
and perceptual impainnents  is  crit ical since they
can have subs tantial impact on the level of
performance with an ass istive technology or even
the bas ic ability to utilize such systems a t a ll.

There are  trade -offs involved In using assistive
technologies  which result  from the fact that
cognitive  and perceptual requirements  of a system
typically increase as  the des ign accommodates for
decreased motor skills  or a ims at reduced phys ical
effort to improve performance. These trade -offs
complicate the assessment process . Further
difficulty in evaluation occurs when learning
impairments  are involved, since a  substantia l
amount of user experience and learning may be
required before  performance can be adequately
assessed.

In some ins tances, a  learning impairment may
necess itate the temporary employment of an
ass is tive technology whose use  can be discontinued
following appropria te performance gains. As a
simple  example, consider the hypothetical case  of a
person with a  traumatic  brain injury and a
subsequent learning impairment. In learning to
type, i t might take an extremely long time for such a
person to learn the positions of the keys for effective.
text entry. Thus, a computer based word predic tion
sys tem might enhance performance and provide
positive  feedback for motivating the user to
continue us ing the  sys tem. If, however, the  users
keyboard input rate  increased sufficiently over time,
then word prediction might become less efficient or
even detrimental to overall performance (2).

Discuss ion

In cases where users have deficits in areas of
cognition which appear to prohibit the use of an
ass is tive  technology, a  number of options  are
available. For some people  with cognitive
Impairment it may be poss ible  to increase task
complexity in s tages as mas tery of each successive
stage is achieved. For example, the relatively
complex strategy required to select a  row, then
column, from a two - dimens ional scanning matrix
can be acquired by tra ining the user with a  simpler
one - dimensional scanning array. It  may then be
poss ible for an individual to progress to a simple
two dimens ional array with a reduced set of
options , and then gradually on to the entire  matrix.
Other individuals may be able  to learn specific
compensatory techniques  which permit them to use
assistive technology systems , despite deficits  which
do not improve over time. For example, individuals
whose memory problems prevent them from keeping
track of messages  or their current level while
working with a  communication sys tem, may be
helped by learning to rely on cuing systems that
guide them during various phases  of a  task (e .g..
inserting a  fie ld in a  communication system display
which always  presents and highlights  the  current

level). Finally, for those who have deficits which
persis t  and do not respond to compensation or
remediation, it  may be necessary tomodify the  task
demands  so that they conform to the patient's  skill
level.
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Abstract

T his  p ap er d es c rib es  a c o mp uter b as ed  s ys tem whic h c an
pro vid e p eo p le with d is ab ilit ies  the ab ility to  c o mmunic ate
effec tively and  b ec o me mo re independent. This sys tem c an
also provide vo catio nal o pportunit ies. The heart of this system
is an Apple Macintos hTM computer; one c omputer can be used
to  c o ntro l lights ,  ap p liances ,  d oo r o p eners ,  an interc o m,  a
telephone, and infrared devices, as well as provide capability to
access exis ting ap plic atio ns.

Background

The co mp uter has  proven to be es sential in integrating p eop le
with dis ab ilit ies into  the mains tream work place. These
machines, properly adapted, can help people who are physically
challenged  to be muc h mo re ind ep endent b y enab ling them to
control their s urround ings and c ommunic ate more effec tively.
Further, they can help level the playing field for thousands of
peo ple who s e mind s and s kills are still very valuab le
commodities in today's working world.

Sta tement o f t he  Probl em

The prob lem involves two
main areas:

First,  people with d isabili-
ties  require greater p o wer
to interact in and control
their enviro nment. This
increased interaction
inc lud es the ab ility to
ac q u ire info rmatio n as
well as contro l devices in a
p ers o n' s en v iro n men t .
Some of the devices  to be
c o n t r o lle d a r e : the
telep ho ne, ac lights  and
ap p lia nc es , inter c o ms ,
door openers, television,
and o ther devices that  may
be s pecific  to a p articular

person.

Second, their opportunities
fo r meaningful emp lo y-
ment need  to be increased.
This  may involve a vo c a-
tion based  on the ability to
access c omputer programs
(e.g. datab as e user /pro-
grammer), or based on the
ab ility to  use a c o mp uter
as  a to o l to  c o ntro l o ther
devices.

� 4

Approach

The discussion of the solutions for the two problem areas, iden-
tified above, have been divided into four categories: Comp uter
Acc ess , Enviro nmental Co ntrol, Infrared Control,  Telepho ne
Access, and Voice Communication.

Computer Access

Headp ointing co mputer inp ut devices  are availab le which en-
ab le d is ab led p ers o ns,  thro ugh head  mo vement , to  execute
computer func tions no rmally p erformed with a s ingle button
mous e; the single butto n mous e is  an integral device required
for access to Macintosh computers. This device is worn on the
head ,  and  fac ilitates  c urs o r mo vement b y the us er mo ving
his/her head; thus the cursor fo llows head movements just as it
would follow mouse movements. Two examples of headpoint-
ing devices are: HeadMaster, manufactured by Prentice Romich
Company, and FrccWhcel, manufactured by Pointer Systems.

Some p eop le with d isabilities are adep t at using a mo uthstick
fo r a variety o f tas ks . Adapted  mo uths ticks  c an b e used to
access computer keyboards and comp uter disks. But, mouth -
stick keyb oard acces s may have speed limitations and may be
c umb ers o me: the req uirement to  always  lo o k d o wn at  the

keyboard can be
distracting. A better
solution, called an "on-
screen" keyboard, is
available.

of

r —

a05 = . �

j w
rr An on- screen keyb oard,

called Sc reenDo ors" ,  is
manufactured by
Madenta
Co mmunic atio ns Inc .
This resizeable keyboard
lo o ks tike a no rmal
physical keyboard, but
appears on the screen.
By simp ly p ointing and
c lic king o n the d es ired
key, the key selectio n is
executed (e.g.  a let ter is
typed just as it would be
from a no rmal key-
board). The combination
of Hea d Mas t er and
ScreenDoo rs c an  o f fer
co mp lete and  e ffic ient
control of the Macintosh.

Figure 1: The Macintosh S ystem
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by Articulate Systems Inc., can be used to convert spoken com-
mand  into co mp uter co mmand s  fo r c o ntro l o f co mp uter
app lic ations. Thus,  co mp uter functio ns  no rmally perfo rmed
with a keybo ard  o r mouse can b e ac c es sed  thro ugh s po ken
commands.

Infrared Control

A method of accessing infrared controlled devices, such as TV,
VCR,  and CD players  c an be benefic ial to. people with
dis ab ilit ies . Univers al infrared  remo te c o ntro l d evic es are

available fo r interfacing to c omputers , and
cus tom s oftware enables co mputer c ontro l.
Again, voice commands could be assigned to
various remote control functions.

Figure 2: An On -Sereen Keyb o ard (ScreenDoors'7")

Equipment contro lled b y s poken commands can be ac ces sed
remo tely through a bidirectional wireless audio link. This al-
lows disabled persons freedom to move throughout a specified
area while maintaining vo ice c ontac t with a p art ic ular central
control lo cation. Voice acc ess  can b e acco mplished by the
user speaking commands into a lapel microphone and  listening
to either a privacy speaker or peripheral amplified speaker, both
of which can be attached to a wheelchair. This feature provides
ab ili ty to  give  a s p o ken c o mmand  t o  the  c o mp uter fro m
virtually anywhere in or around a home.

Environmental Control

Many p eo p le with d is abilit ies  are unable to  c o ntrol vario us
devices within a home , particularly ac powered devices, such as
lights, fans , and appliances. This control can be accomplished
through the use of an "X-10" controller which sends control sig-
nals to modules through existing household wiring. Each mod-
ule,  whic h is situated at the loc ation of a d evice being c on-
trolled , res po nds  to  its  partic ular c o ntrol signal by turning
on/off, or adjusting intensity of the device. These modules can
be used to control virtually any ac device.

An X -10 co ntroller and s oftware designed for the Mac intosh
allow the user to co ntro l the mod ules  fro m the s creen of the
computer. Also, voice commands may be assigned to the X -10
computer functions using Voice Navigator.

N
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Telephone Access

Telephone acc ess  c an be an effective co m-
municatio n med ium for bo th personal and
vocational applications. For people with dis-
abilities, this access is available through tele-
phone interface hardware includ ed in one of
the Voice Navigator products. Cus tom so ft-
ware provides access to this interface through
a computer, as well as access to common

telephone features, such as dialing pre- stored numbers available
in an on- sc reen telepho ne directory, las t numb er red ial,  link,
and hold can be provided. As with other devices discussed, the
telephone may be accessed through voice commands.

Communication

Many peo ple with d isab ilit ies  are unable to respond to callers
at an outside door/entrance , in addition to inability to communi-
cate effectively with people who are in a separate room. An in-
house intercom system can provide this capability. Control of
an intercom can be achieved through custom hardware and soft-
ware which provide the necessary acces s to "talk" and "listen"
buttons. Als o, vo ice co mmand s may be us ed to control the
intercom.

Implications

This  paper has  indicated  that thro ugh the use of custom so ft-
ware and read ily availab le third party products fo r the
Mac intosh , a c o mp lete s ys tem p rovid ing ho me c o ntro l and
greater ind epend ence c an be assembled . Therefore , this type
o f integrated  s o lutio n c an be an att rac tiv e alt ernative to
dedicated home control systems; there are the added advantages
of expandability, f lexibility and enhanced functionality.

Discussion

Not all of the p oss ible input metho ds have been dis cus sed  in
this paper. Other methods  are availab le which pro vide general
access for people spanning a large spectrum of types of disabih-
ties, such as adapted direct keyboard access methods and scan-
ning s olutions fo r single switch users. Regardless of the form
of access , all solutions discussed in this paper may be employed
to the benefit of those people with disabilities requiring greater
independence and enhanced quality of life.

At the time of writing of this paper some work remained in the
design and construction of the components comprising the sys-
tem described, though it  is expec ted all development will have
been completed by the t ime this p ap er is  published . Further
analysis and evaluation o f this  system will proceed upo n com-
pletion.

Figure 3: Telephone Access Randy Ma r s de n,  P. Eng. ,  Made nt a Co mmuni cat io r m Inc . Boo t
2 5 , Advanc e d Te c hnol o gy Ce nt e r , 9650  -20 Ave nue ,
FAr no nt o n . Al be r t a  C an a da  W N  1 0 1 ,  ( 4 0 3) 450 - 6926.
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10.6 PROSTHETIC SOFTWARE FOR INDIVIDUALS WITH MILD
TRAUMATIC BRAIN INJURY: A CASE STUDY OF CLIENT AND THERAPIST)

Elliot Cole, Ph.D.
Parto Dehdashti, Ph.D.

Institute for Cognitive Prosthetics

ABSTRACT
A year long case study explored the use of
computer software as a prosthesis for a high
functioning traumatic brain injury survivor. A
substantial amount of customization to the
software interface was required, and was
attributed to user cognitive deficits. The
software was able to restore functioning which
had not been accomplished using manual
techniques. Impact on therapy and therapist
are described.

BACKGROUN I)
Previo us wo rk with co gnit ive pros thetic co mp uter
software focused on needs of individuals who required
s u p e r v i s i o n in their d aily lives (Co le and Dehd ashti,
1990A). That work found that software could be
effectively used for both relatively unstructured
ho us ehold and leis ure activit ies, as well as well-
struc tured  activit ies,  co ns istent with the work o f Kirsc h
and  Levine (1987) and  o f S teele (1959). It  was  fo und
that the s o ftware interfac e was  a p rimary b arrier to  us e
of c o mmerc ial so ftware. Our stud y app lied  theo ry fro m
the c o mp uter sc ienc e areas of human co mp uter
interaction and off ice automation, relating to increasing
ind ividual c ognit ive pro duc tivity. Anec d o tes  tram T Bl
survivors and family members indicated that the
computer interlace  was  an insurmountahtc  barrier to
individuals who had successfully reentered the
c o mmunity. S o nic had intc llc ctually d emand ing
voc ations. Thes e are high func tio ning s urvivors  aho e
Rancho Los Amigos Level VII1.

The present study examines uses of cognitive prosthetics
fo r individuals  c lass ified  as high func tioning, but whos e
deficits d o no t a llo w them to function at their p re -
mo rb id level. Ho wever, these peo ple can live
independently, i.e., do not need a caregiver or
companion to help them perform household or
vocational tasks.

013.1 ECTIVE
This stud y extend s the p revio us study in two majo r
ways. Firs t ,  the res earc h ad d res s es  a high func tio ning
population. S eco nd,  the s tud y begins to explore the ways
this technology changes the process of cognitive
rcmediation therapy, and impact on the therapist.

Specif ic research objectives were to:
1) id entify the typ es o f mod ific ations  to  c o mp uter
interface and application required for high
functio ning ad ult  T BI s urvivo rs

2) id entify the therapeutic imp act o f c o gnit ive
pros thetic  s o ftware for these individ uals,  and

3) examine some of the needs of the therapist using
this innovation.

METHOD

This is a single - subject case study, a methodology
frequently used with traumatic brain injury subjects. A
yield study des ign was used to ac hieve the researc h
objec tives  requiring s ubs tantial c omp uter us age o ver t ime,
and for activities which are relevant to the conduct of the
subject's life. Data included observation of weekly
therapy sessions, medical chart, computer state transition
logs, and software specifications for interface and
underlying application. A quasi- experiment was selected,
and therapy sessions were observed for one month prior
to the intervention. Interface design and testing sessions
were incorporated into the therapy sessions. Interface
performanc e was meas ured  b y training time and  ability to
und ers tand co mmand s and instruc tio ns . T he so ftware was
us ed  o nly during therapy s es sions fo r two mo nths . Then
the c o mp uter s ys tem was  intro d uc ed into the s ubject ' s
ho me-in April 1991. Data c ollectio n is s till in pro gress as
of this writing (January 1992).

The subject is a 40 year old college- educated male, 7
years  p os t  injury. On the s urfac e,  he had  suc c es s fully
returned to the c o mmunity because he had lived
ind ep end ently, wo rked at  a superviso ry jo b, and managed
his househo ld affairs, and he had n o physical
impairments. Furthe rmore, he masked his cognitive
deficits quite successfully. He  would forego parts of
ac tivit ies whic h were b eyo nd him,  rather than as k o ther
people for assistance in carrying out the activity. In this
way,  his  mas king behavior s ucc es sfully hid  the impact o f
his deficits o n voc ational, ho us ehold, and leis ure

activities.

Neurop sycho1ogical tes ting found diffuse cerebral
dysfunction, with deficits in memory, attentio n an d
co nc entratio n,  red uc ed  mental proc es sing t ime,  reaso ning
and  p rob lem so lving, and  functio nal integratio n. He had
been receiving cognitive rcmediation therapy for 11
mo nths prio r being referred for co gnit ive pros thetic
interventio n.

Two  applic ations were introd uc ed,  a basic text editor and
a weekly calend ar /ap po intment reminder.

RESULTS
Res ults  are p res ented  in three s ec tions .
Interfac e and app lic atio n c us tomizatio n
The s ub ject  had subs tantial difficulty fo rming an ac curate
mental model of the co mmands , but was ab le to
understand the overall objectives of the applications,
Text editor commands were implemented on bounce -bar
menus, which reduces the memory burden on the user.
The s oftware interfac e req uired  sub stantial mo dific ation,
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partic ularly the c o mmand  text whic h us ed  the p atient ' s
phraseology. Even minor changes in co mmand  text had
a s ub s tantial imp ac t o n interfac e c o mp rehens io n and
performanc e. S o me o f  t he text mod ific atio n forced
changes in the size of interfac e objects (boxes)
co ntaining the text. Do c ument na me s were 60
charac ters to allo w ample room fo r d esc rip tio n; even s o,
the user req ues ted time stamp info rmatio n on the
do c ument retrieval menu.

The s ec o nd  ap p licatio n is a c o mb inatio n o f p ers o nal
scheduler and "To  Do" lis t. A co mbinatio n o f interfac e
styles were used: soft function -key, bounce -bar sub -
menu, and fill - in- the -form (for the actual ap pointment).
In this interfac e also, most of the mod ific atio ns involved
rephrasing co mmand s and instructio ns so that they
co uld  he c orrec tly understo od . The c alendar p rovides
ad d it io nal memory s up po rt,  s o the p atient  can p ro vid e
hims elf with remind ers and ins tructio ns for s pec ific
events  or app o intments .

Pro sthetic Uses of So ftware
The p ros thetic software has  improved the p atient' s level
of functioning in a numb er o f areas . Perhaps  the mos t
dramatic change was in the area o f reas o ning and
pro blem s olving. The so ftware p ro vid ed him with  a
medium which supports a non - linear processing style: he
is ab le to mo ve from o ne facet o f  t he pro blem to
ano ther. It also  help s maintain foc us  o n the d imens io ns
of a p ro b lem, without lo os ing trac k. Prob lem so lving
and reas oning is  subs tantially imp ro ved  b ecause of the
co mp lexity he is able to inc o rp orate.

T here  were  immed iat e imp ro ve ment s  in the p atie nt ' s
ability to organize,  attend  to,  and co mp lete tasks during
therapy ses sio ns. (T hes e tasks  invo lved  a jo b  s earc h).
Us ing p ap er and penc il metho ds , he wo uld  work for 10
to  15 minutes ,  and  the s to p  with the wo rk unfinis hed .
Us ing p ro s thetic  so ftware,  he c o uld wo rk fo r 30 - 45
minutes c ontinuo us ly,  as  well as  c o mp lete the ac tivity.
The therap is t  rep o rted  that before s he had to inttad uc e
an ac tivity in o ne s ess ion, and  wo rk at  co mp leting it  in
the next. Fro m the patient' s perspective, the process of
using the prosthetic  s ys tem allo wed him to "co nc entrate
on a s p ec ific  item, rather the o n a co mplic ated web o f
problems."

The co mputer s ignificantly imp roved the p atient 's  ab ility
to  track and  monitor p ro jects. Before,  information was
stored in a loo se -leaf no teb oo k, where informatio n
could not be easily loc ated. In the area of
co mmunic atio n,  he began writ ing b rief let ters  to friend s
with who m he had  no t co rres po nd ed in a lo ng t ime.

The c alend ar ap p lic atio n has  b een imp lemented  o nly
with limited func tionality thus far. It helps track
ap p oinunc nts  and  ac tivit ies.  Theso ftware enhanc ement
allows  extens ive remind ers  to  ac c o mp any ap p o intment
entries , and  this  feature has  b een useful for its memory
supp ort. A func t io nal e nhanc ement will link p ro jec t
mo nito ring to  the sc hed uler.

In ad d it io n,  the status - enhanc ing nature o f c o mp uter

use raised  his self - esteem.

imp act o n T herap is t  and  Therapy Metho d s
Several effec ts  o n therap y and  therap ists  have emerged
thus far. Firs t,  the therap is t has  had  to  learn new s kills
in o rd er to  use p ros thetic  so ftware. So me o f thes e skills
related to  lea rn ing  ho w to  tra in p atients  in c o mp uter
mec hanics , and  s ome skills invo lve therapeutic us e of the
software. Second, the data collec ted by the so ftware
allo ws  the therapist  to trac k the p atient 's  c omputer us age
in c o ns id erab le d etail. T his  d ata is used in planning
therap y s ess io ns  as  well as  mo nito ring p atient p rogres s .
T he data provides clues to situatio ns aris ing in the
patient 's  life. Third, the p re p aratio n t ime  fo r t herap y
ses s ions  has inc reas ed ,  as  a res ult o f the availab ility o f
progress data. Fo urth, the patient has been ab le to
co ntinue wo rk o n tasks which began during therapy
sessions. And  fifth,  the c linic ian has  been ab le to b etter
ass is t the patient  in- b etween sc heduled therapy s es sions.

DISCUSSION
The res ults of this stud y s how point to three issues. First,
and most imp ortant, that  p ro p erly d es igned co mp uter
software can help restore function in brain injury
survivors  with mild  d efic its . Sec o nd,  that  the s o ftware
interfac e c an b e a majo r barrier to  s ucc es sful c o mputer
use.  and third , us e o f appro priately d esigned  so ftware can
help  res ter func tio ning to  a high functioning brain injury
survivor, it was not expected that high functio ning
survivo rs would have c ontinue to  have d is abilit ies  whic h
co ntinued to interfere with their func tioning in the

co mmunity.

Furthermo re,  it  was  no t antic ip ated  that  s uc h a p ers o n
would have s ub stantial difficulty learning how to use
novice - oriented software. ind eed ,  we had as s umed  that
interfac e c us tomizatio n wo uld b e ap p ro p riate o nly for
mo derate to severely d is ab led survivors. However, after
meeting a numb er of individ uals at supp ort gro up
meetings , we began to  q ues tio n the as sumption. Several
of these ind ivid uals were c o llege s tud ents who were
unab le to  us e any o f the wo rd  proc ess ors  available fro m
camp us supp ort services for peop le with dis abilities.
(Rec ent stud ies  b y Glis ky (1991) and  P revey et at  (1991)
demons trate that  even s evere amnes ties c an b e taught to
us e co mp uter s o ftware, given eno ugh time -- months and
pos sibly years  --  and  sp ec ialized  training.)

Co mp uter s o ftware has  b een s ho wn to  b e a s uc cess ful
ortho tic  for relat ively s truc tured  ac tivit ies  (Kirs c h and
Levine, 1987; Cole and Dehdashti,  1990). This case study
has shown ho w s o ftware c an b e us ed  as  an o rtho tic  o r
pro sthetic in relatively unstructured ac tivities such as
reas o ning and p ro blem so lving.
Co mp uter software is not currently viewed by the
rehab ilitat io n c o mmunity as a c omp ens ato ry strategy.
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So ftware is and can be a po werful co mp ens atory
strategy, cap ab le of res to ring func tio n when o ther
tec hniques c anno t. Ho wever, many 's uperio r
tec hno lo gies '  have failed  a t  tec hno lo gy trans fer s tage
bec aus e o f institutio nal fac to rs . Amo ng thes e fac to rs
are the s truc ture o f the therap y s es s io n and  the imp ac t
o n the therapis t . Thes e are no t ins urmo untab le
barriers ,  b ut they do  need  to  b e ad d res sed .

This  is  our s ec o nd c as e s tud y,  and  invo lves  sc o res  o f
ho urs of working directly with p atient and clinician o ver
the p as t  year,  as  well as  hund red s  o f ho urs  mo d ifying
c o mp uter so ftware. The case study metho do logy
pro vid es  a d etailed und ers tan d in g o f a p ro b lem in  a
ricld  where mas tering the details  are c rit ic al to  succ ess .
By t he Annu al C o nfe ren c e,  we will  b e ab le  to  rep o rt
p reliminary find ings  o n thr ee ad d it io nal p atien ts  who
are p art  o f a res earc h p rojec t  fund ed  by NIH.
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CHEC -RITE: A PORTABLE CHECKBOOK MANAGEMENT DEVICE
FOR INDIVIDUALS WITH MENTAL RETARDATION

Daniel K.  Davies, Randy W.  Dipner, and Robert H. Gattis. Jr.

Meeting the Challenge, Inc.
Colorado S prings, CO

ABSTRACT

This paper describes Chec -Rite, a system for imp roving
management of pers onal chec king acc ounts  for ind ividuals with
mental retard atio n.  T his  p ro jec t  is  an S BIR P has e I p ro ject
sup ported  by the Dep artment o f Ed ucatio n. The Phase I
researc h p lan foc us ed on es tab lis hing the tec hnical merit  and
feas ib ility of the auto mated  c heckb o ok management s ystem.
An initial "p ro of of concept" software-based design prototype
was developed for testing with ind ividuals with mental
retard ation. The product concept has been designed according
to  human factors guidelines to meet the sp ec ialized  need s of
the user population. The system has applications with
ind ividuals with mental retardatio n, the elderly,  and ind ividuals
with limited mo to r ab ility o f the do minant hand. Progress to
date is  d es crib ed  as well as  d irec tions fo r future research and
develo pment.

BACKGROUND

Res earch o n ten c ommunity " survival" skills critical for ad ults
with mental retard ation were reviewed and  analyzed by Martin,
Rusc h, and  Heal (1). This  study id entified money management
as one of the key "survival'  skills neces sary for individuals  with
mental retardatio n. Pro b lems  res ult ing fro m the inability to
manage mo ney have included cash -flow difficulties and
unc ontro lled  deb t for ad ults  with mental retard atio n living in
community sett ings (2). Martin, Rusc h, and Heal summarized
that simp le mo ney management skills can be acquired by
individuals  with mental retardation. However, future research
is needed to determine whether individuals with mental
retardatio n can master more co mplex money management skills
includ ing c heck writing and  chec kbook balancing.

Langone and Burton (3) report that skills required to
successfully shop in retail estab lishments go beyond basic
hand ling skills. These mo re comp lex skills may require
adap tive aids  that can allow individuals  with mental retardation
to bypass these deficits. Future research on the app licability of
computer technology to  enab le the acquisition of specific living
skills is necess ary. Finally, Martin, Rus ch, and  Heal (2) stated
that  as more severely dis abled individuals enter non - sheltered
community sett ings , "p rosthetic " means for money transactions
must be develop ed to  serve these individ uals. Accordingly, the
Chec  -Rite system applies computer technology to simplify the
complex money management skills of checkbo ok b alancing and
check writ ing.

PROBLEM IDENTIF ICATION

Independ ent living for ind ividuals with mental retardation
dep end s  o n many fac to rs  inc lud ing,  b ut no t limited  to , the
extent of the retardation and  the effectivenes s of teaching skills
necessary fo r indep endent living. Money management is  one of
the most d iffic ult s kills  for individ uals  with mental retardation
to  mas ter,  and  attainment o f the s kill is  key to  indep end ent
living.

Sign ificance

1 0 . 7

While exac t figures  vary there is  lit t le d o ub t that  the U.S .
population of individuals  with mental retardation is in excess of
two million. A Natio nal Institute o n Disability Res earch and
Rehabilitat io n (NIDRR) rep ort  es timates that app roximately
1% to 3% of the p o p ulation have mental retardatio n,  i. e.  IQ
belo w 70 (4). In ad d it io n,  it  is  es t imated  that  there are an
addit ional 2.5 million individ uals who are co nsidered b orderline
or lo w normal IQ. There are four levels  o f mental retardation
ranging from severe to mild (5). Figure 1 depicts the

percentage breakdown for each of thefour levelsof retardation.

F igu re 1: P e rc entag e Br e ak d o wn  o f
Me n ta l  R e ta r d a t io n  L e ve ls

6 %
0

1. 5 %

® Mil d

0 Mo d er a t e

■ s e v e r e
0 Pro f ou n d

Clearly, the numb er of p eo p le with mental retardation is
significant. Res earch foc us ed on inc reasing ind ep end enc e for
this group ,  thus,  is o f s ignific ant impo rtanc e to  th e me ntal
health co mmunity.

Independent livingforindividuals with mental retardation

The possibility for independent living varies greatly for
individ uals with mental retard atio n d epending upon the level of
impairment. Highest functio ning ad ults with mental retardation
(IQ  b etween 51 and  70) are mo st likely to achieve this  goal as
compared to mo re severe levels o f imp a irment. This is
enc ouraging considering that mild  mental retard ation acco unts
fo r 89.4% o f tho s e with mental retard atio n (4). Increasing
numbers o f individ uals  with p ro found  mental retardatio n are
als o  no w living in co mmunity s ett ings . T he 1987 Natio nal
Medical Expenditure Survey estimates that there are
ap proximately 16,000 p eo ple with profound  retardation living
in s mall (15 or fewer res idents) c ommunity care fac ilities  (6).
Inno vative p rograms  for individuals with mental retardation are
inc reas ing the likeliho od  that  s ome level o f ind ep endent living
will be achieved. Greater independence corresponds to reduced
service provid er to c lient ratios,  thus t tanslating directly to cost
savings. Ind ep endent living, therefo re,  remains  o ne o f the
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primary ob jec tives of service to ind ivid uals with mental
retardatio n both for quality of life and eco nomic  reas ons.

Skills requ ired for ind epend ent l iving

T he ab ility to live ind epend ently requires acquis ition o f  a
variety of s kills  includ ing, but not limited to,  p ersonal hygiene,
cooking, us e of public transportatio n sys tems,  the ability to  earn
suffic ient mo ney to  live,  and  pers o nal financ ial management.
Often,  activities that are ro utine or even mund ane to individuals
with no  d evelo p mental d is ab ility are extremely c hallenging fo r
ind ivid uals with mental retard atio n. Fo r example,  id entifying
correct  change fo r the b us  c an be a mo numental task requiring
tremendo us  effort. Failure to p erfo rm the skill c orrectly in the
c o mmunity s ett ing c a n b e a very frus trat ing and  frightening
exp erienc e. In add ition, inab ility to  p erform basic living skills,
s uc h as  mo ney manag ement,  c an b e a c ru c ial fac to r fo r no t
ac hieving greater independence. Therefore, all resources
availab le to  help  train ind ivid uals with mental retard atio n mus t
be utilized . Innovative techno logy c an automate co mplex tas ks
and  thus  s implify s ome o f the activities required for s uc ces sful
indep end ent living. Automation and effective training
techniques, e.g. computer - simulation (7), are both ways of using
techno lo gy to increase the opportunity fo r ind ivid uals with
mental retard ation to  learn key s kills nec es s ary to  reac h ever -
inc reasing levels  o f residential ind ep end enc e.

Automation: An alterna tive for furaneia l ma na gement

The extensive t ime and  effo rt  required  by s ervic e providers  to
aid  ind ivid uals  with mental retard atio n in b as ic  living s kills ,
such as management of pers onal checking accounts, c an be very
co stly to  the mental health s ystem. For example, the State of
Colorado's 1990 rates fo r ind ivid uals  with mental retard atio n
vary ac co rd ing to the level o f ind ep end enc e that  has  b een
ac hieved . Rates  range fro m $83.08 p er d ay for ind ivid uals
with minimal independ ence do wn to $24.96 per day for
ind ivid uals  in community trans ition p ro grams. Therefore, State
sup p o rted  co s ts  of c are d ecreas e as  greater ind epend enc e is
ac hieved . In s o me c as es ,  c o gnit ive limitatio ns  hind er the
ab ility of ind ivid uals  with mental retardation to ac quire the full
sp ec trum of s kills  nec es s ary fo r financial management,  e.g.
ad d itio n and subtraction, and thus achieve greater
indep endence.

High cos ts  have limited acq uisitio n of co mp uter eq uip ment for
co mmunity care fac ilit ies. Ho wever, decreasing costs of
pers onal co mputers  in the pas t decad e have b rought tec hnology
mo re within reac h. Monitoring the chec kb oo k o f individ uals
with mental retard atio n is a tas k o ften p erformed b y a mental
health p rac titioner, e.g.  counselor,  case manager,  or living skills
instructor. Co mp uter technology provides an attractive
alternative to continuo us client mo nito ring by the service
provid er by red ucing the complicated task of financ ial
chec kb o o k management to  a limited  s et  o f s kills  that  c an b e
more easily mas tered.  Mo nitoring financial assets of clients c an
thus b eco me less  time- c ons uming and p o ss ibly even a muc h
les s freq uent necessity. An automated system can help ensure,
fo r examp le,  that  bad  c hec ks are no t writ ten o r that  no  mo re
than an allo tted amo unt o f mo ney is  s p ent d uring a given t ime
period . In addition, c ommo n p ayee's,  e.g. rent , phone bill, can
be stored in the computer and accessed with just a few
keystro kes. All these features can eq uip ind ivid uals with

mental retardation with crit ical money management
capabilities. Other personal computer check writ ing and
acc ount balancing p rograms  exis t. Ho wever,  thes e p ro grams
have not been d esigned s pec ifically for us e b y individ uals with
mental retardation, and  they are no t portable. In add ition,  these
programs require the availability of a general purpo se computer.
The Chec -Rite sys tem is envis ioned  to  require no  ad ditio nal
computer hardware or software.

DESIGN AND DEVELOPMENT

Chec -Rite is a portable computerized device approximately 4" x
8" when closed. Power is pro vided either by batteries or an AC
adap ter. When o p ened , there is  a keyb o ard  with d ed ic ated
func tio n  keys  o n the lo wer ha lf o f th e d evic e and  a  liq uid
crystal display (LCD) sc reen on the upper half. Figure 1 depicts
the device concept.

Figure 1: Chec -Rite Des ign Conc ep t Diagram

Res earch is ongoing to identify the op timal user interface and
functio nal capabilit ies to  meet the s pecific needs  o f the target
population. An init ial design prototype has b een d eveloped
on an IBM c omp atible computer as a Micro soft  Windows 3.0
application. To increase o perational fidelity a touc h sc reen has
been incorporated into the Chec -Rite prototype. This ap proach
simp lifies operation of the p ro to typ e and  pro vid es a mo r e
realistic assessment of the user interface.

Ch ec-Rite des ign features

Requirements for the Chec -Rite sys tem have b een categorized
into user requirements and case mana gement requirements.
Us er req uirements includ e basic system c ap ab ilit ies that  mus t
be available to the user with mental retardation. Some of these
features include:

• capability to store/ retrieve commo n payees
• capability to print onto standard personal checks
• automatic addition/ s ubtraction
• automatic  rec ording o f checks  written in register
• portability
• durability

Case management req uirements  are des ign features identified
thro ugh field interviews  with living skills ins tructors  working

174 RESNA International '92 • June 6  -11,  1992



AUTOMATED CHECKBOOK MANAGEMENT

with ind ivid uals with mental retardation on financ ial
management s kills . Features include:

• preventing chec ks whic h exceed c urrent balance
• automatic remind ers to write checks (e.g. rent)
• real -time budget/ check amount comp arisons
• cus tomizable c hec k writing limits

Sta tu s ofd evelop men t

The Chec -Rite product is currently under development through
the Department o f Educ atio n' s  S BIR p ro gram. The P has e I
research is s ched uled  fo r co mp letion Marc h 1992. An init ial
version of the Chec  -Rite so ftware suitab le fo r us e on a ho me
computer is exp ected for release in the second half of 1992.

The second p hase o f the SBIR is anticipated to  begin late 1992.
Continuing researc h inc lud es  further design,  d evelo pment, and
tes ting o f the Chec  -R ite s ystem for c ommerc ial applic ation to
the p op ulatio n o f ind ivid uals  with mental retard atio n. Also
included  is  develo pment of the hardware and software required
to s upp ort Chec -Rite. Chec -Rite will be designed to take
advantage of existing disp lay, printing, and microprocessor
technolo gy. As  a result,  co st  will be minimized  to  make the
pro duc t more afford able. The value of the Chec -Rite s ystem
will b e invers ely prop ortional to the end co st  o f the device to
the user pop ulation. Testing of Chec -Rite will be co ntinued  in
Phase II to determine the optimal design that pro vides  a system
that can be easily mastered  by the target pop ulation.

DISCUSSION

Chec  -R ite will enhanc e the ab ility of ind ividuals  with mental
retardation to master one of the most critical skills necessary for
ind ependent living, i.e. effective management of personal
chec king acc ounts. T he s ystem will automate many of the more
mechanic al tasks associated with financial management to
allow skill training to foc us on imp ortant mo ney co ncepts , e.g.
is the produc t worth the asking price. Application o f inno vative
technology can help ind ivid uals with mental retard atio n develop
the adaptive s kills they may never have achieved otherwise due
to  c ognit ive limitatio ns and ins uffic ient training. Chec -Rite
will s imp lify the co mplic ated task of c hec kbo ok balancing and
chec k writing and  thus  enhanc e the p o s s ib ility o f inc reas ed
independence for individuals with mental retard ation.

ACKNOWLEDGMENTS

Fund ing fo r research was provided  by the Natio nal Ins titute on
Disability and Rehab ilitation Research (Contract
#RN91076103).

REFERENCES

1. Martin, J.E. , Rusc h, F.R ., and Heal, L.W.  (1982). Teaching

community survival skills to mentally retarded adults: A review
and  analysis, The Jou rna l of Sp ecial Edu cation,  Vol. 16, No.
3, pp. 243 -267.

2. Ed gerto n, R.B. (1967). The cloak of  comp etence: S tig ma in
the l i ves of th e men ta lly retarded, Berkeley: University of
California Press.

3. Lango ne, J.  and Burto n,  T .A. (1987).  Teac hing ad aptive

behavior skills to moderately and severely handic apped
individ uals : Bes t  p rac tices  for facilitat ing ind epend ent living,
The Journal of Special Education, Vol 21, No. 1. pp. 149 -165.

4. Kraus, L.E. and Stoddard, S. (1989). Charlbook on Disability
in th e Un ited  S ta tes, An Info Use Rep ort . Was hingto n,  DC:
U.S. National Institute on Dis ab ility and Rehabilitation
Research.

5. Americ an Psychiatric Ass ociation: Diagnostic and Sta tistical
Manual of Mental Disorders - Revised, Third Edition.
Washington D.C .: APA,  1987.

6.  Lakin,  K.C . ,  Jas kulski,  T .M.,  Hill,  B.K. ,  Bruininks,  R .H. ,
Menke, J.M., White, C.C. , and Wright,  E.A. (1989). Medicaid
services for p erson s with men ta l retard ation a n d rela ted
conditions. Minneapo lis: Univers ity of Minneso ta, Institute of
Community Integration.

7. Davies,  D.K. and Hamel,  K.  (1985) " 'Mind -on'  Experience:
Applications of Co mputers and  Simulation in Training " , Paper
presented at the 1985 Conference on Human Resources
Management and Organizational Behavio r. Denver, CO:
February 1985.

Daniel K. Davies
Meeting the Challenge, Inc.
3630 S inton Road,  Suite 103
Colorado Springs, CO 80907

RESNA International '92 • June 6 -11, 1992 1 7 5



10.8
Responsive Environment Project - Transparent Navigation Assistant

David L. Jaffe, Eric E. Sabelman, Gayle E. Curtis
Palo Alto VA Medical Center

Abstract

The go al o f the Res p o nsive Enviro nment (RE) p ro jec t  is  to
inc reas e the ind ep end enc e o f vis ually imp aired ,  b lind ,  and

it ively d is ab led  ind ivid uals who  are navigating thro ughco gn
unfamiliar s urroundings.

The system will enhance their mobility and orientation b y us ing
a  f le x ib le  a r r a n g e me n t  o f  c o mmu n ic a t io n  a id s .  I t  w il l
uno bs trus ively guid e and info rm them with a s eries of aud ib le
pro mp ts (so und s , tones,  or digit ized  vo ic e),  tac tile map s , o r
large print d isplays. Thes e mod alit ies will operate trans parently
to d irect travelers to their destination,  taking into acc ount their
ab ilit ies.

Two  sc enario s  o f s ys tem ac tivation will b e evaluated  in this
projec t.  One metho d utilizes transp o nd ers (c red it  -card sized
devices whic h are d etec ted  as the us er walks by an electro nic
in t er r o g a to r ) t h at  id e nt ify  t he  in d iv id u a l' s  ab ili t ie s  a n d
destination. Annunciator devices in the enviro nment wo uld then
be ac tivated  auto matic ally to  d irect  the traveler.  In the seco nd
arrangement,  the us er triggers a remo te c o ntro l d evic e when
assistance or detailed information is  desired.

Bac kgro und

Past  efforts to  give uno btrusive guid ance to  b lind  individuals
inc lud e "talking s igns;  develop ed  at  the Smith -  Kett lewell Eye
Research Institute [1]. These devices are typically placed above
doo rways and co ntinuously emit  infrared trans miss io ns  which
are co nverted  into s po ken lo catio n info rmation when the user
aims  a hand  -held  rec eiver at  the do o r. T he Ro yal Natio nal
Institute for the Blind p rop osed an interface concep t s imilar to
the RE, b ut was  limited b y the availab le remo te id entific atio n
techno lo gy to an "o n/off'  rec ognit io n signal [2].  Navigatio nal
aid s  f o r the  b lind  in c lu d e a J ap a nes e s ys t em fo r  o u td o o r
guidance using a rob ot "dog" which signals when the user is on
the c o rrec t  ro ute [3]. Vo ic e Lab el (4] is  a c o mmerc ially -
available wall -  mo unted  reco rd er /player ac tuated  remo tely by
individuals who are blind or severely visually impaired.

Wearab le memo ry aid s  with vis ual and  s p eec h o utp uts for
p e r s o ns  with  c o gn it ive  d is a b il it ie s  a r e  c u r r e nt ly  un d e r
in v e s t ig a t io n  [ 5 ] .  O t h e r  r e le v a n t  t e c h n o lo g y  in c lu d e s
enviro nmental c o ntro l s ystems  that utilize ho us ehold  p o wer
d is trib utio n wiring to  red u c e ins talla t io n c o s ts  [6].  T hes e
pro duc ts c ould  b e integrated  into a RE to  p ro vide co mp uter
control of electrical devices.

Research Plan

T h e go a ls  o f  t he  p r es en t  p ilo t  p r o je c t  a r e th e  p la n ning ,
imp lementatio n,  and  s mall -s c ale d emo ns tratio n o f p o ss ib le
configurations for the RE.  Promising designs will then be tested
within the Medic al Center,  and  later ins talled  in o ther p ublic
sites such as airports, schools, and shopping centers.

Metho ds

The initial prototype of the RE is intended for visually- impaired
and b rain - injured us ers. Although bo th gro ups  would  benefit
from the presentation of navigatio nal informatio n, the differing
formats and repetition rates will provide a good test of the RE's
adaptability.

The b as ic  s c enario  fo r interacting with the RE c an b es t  b e
explained by d escribing the system's elements.

In tersection  Sen sors - T hes e are rad io  freq uenc y elec tronic
transponders made by Telsor [7]. A non - powered credit -card
sized  unit  is  carried b y the traveler.  T he c ard 's  16 charac ter
co d e d efines  the us er ' s d es tinatio n,  as  well as  s enso ry and
co gnitive c ap abilit ies . When a card p as s es  within range o f a
fixed intersection s enso r, the c od e is  read  in a non - co ntac t
fashio n,  p ro vid ing the s ys tem with info rmatio n abo ut when a
particular lo c atio n is  p as s ed  b y a p artic ular us er.  (F igure I
s h o ws  t h e s e  d e vic e s . )  T he  R E  t h e n  a c t iv a t e s  d is p la y s
ap p ro priate to  the us er' s  c apab ilit ies  (aud io , large p rint ,  o r
tactile). T he degree o f d etail delivered  would d ep end  on the
us e r ' s  n ee d s  an d  d e s ire s .  F o r  ex a mp le ,  th e  amo u nt  o f
info rmation could be p rogrammed to d ecrease with familiarity.
Or,  a "d is c o very mo d e"  c o uld  b e imp lemented  to  give the
traveler ad d it io nal info rmation ab o ut the s urro undings ;  fo r
example, what departments and  offices are in the vicinity.

Figure 1- Telsor card, transponder, and computer interface

Dis p l a ys  - At  e ac h in s t ru men te d  in te rs ec t io n,  g uid a nc e
info rmatio n will be p ro vid ed  to the traveler.  Aud ible op tions
inc lud e vo ic e anno unc ements ,  mus ic al to nes ,  o r amp lified
enviro nmental cues. T he information c an also be transmitted to
a hand  -held  rec eiver via an infrared  link.  Ap pro p riate large
print electronic signs  will s erve sighted travelers . Tactile maps
could also be provided, although there is currently no standard
fo r ma t o r  lo c at io n fo r th em.  T h e s y s t em wo u ld  h av e to
accommodate the varied reading skills  of visually impaired and
blind people.

Node Comp u ters -  T hes e are s p ec ialized  mic ro c o ntro llers
connected the intersection s ensors and dis plays. They pass the
us e r ' s  lo c a tio n to  th e S up erv is o ry  C o mp ute r and  r etu rn
navigation informatio n to  the traveler.  T hes e c omp uters  can
als o actuate p hys ical assist ive devic es  such as elevators, stair
lifts ,  etc .  d ep end ing o n the us er ' s  need s .  Und er the b as ic
navigation scenario, the system detects the user 's presence at a
part icular node and guid es him/her to the next node, where the
reco gnition and d irec tio n steps  are rep eated.  Op tio nally, the
no d e c o mp u ters  c an d irec t  th e us e r to  a s t aff p ers o n  fo r
assistance.

Su p ervisory Comp u ter - T his  is  the intelligent heart  o f the
sys tem.  It  will c o ntro l the exc hange o f c ommands  and d ata
amo ng the no d e c o mp uters .  I t  will hav e kno wled ge o f the
environment inc lud ing lo c atio n,  typ e,  and  current s tatus  o f
intersections sensors, destinations, and "resources ". Resources
include not only disability - specific aids such as ramps, voice -
outp ut elevato rs , and  the like,  b ut also  p rimary and  alternate
ro u t e s  t o  c o mmo n  d e s t in at io n s :  lo c at io n s  o f  o p tio n a l
destinations suc h as restrooms,  snack bars , pub lic telephones,
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and waiting rooms, and the names and titles of people who staff
the facility.  Ac cess  to  these reso urces  will b e ac co mplis hed
in the "User- initiated" and 'Rich Info' modes described below.

Sys tem elements will be co nfigured ,  mo d ified ,  and  up d ated
thro ugh the Supervis ory Comp uter 's keybo ard and disp lay.  In
ad d it io n, a P ho ne Interface will pro vid e verb al d estinatio n
information to  off -site callers. Finally, this system will be used
to program the Telsor cards.

Front Door Kiosk - This  will be a s tatio n lo cated at  the main
building entranc e whose purpose is to give the traveler on -the-
spot information to reach his/her destination. For sighted users,
map  info rmatio n will b e d is p layed  o n  a c o mp uter CRT  in
resp o ns e to  to uc h- s creen des tination cho ic es.  Fo r b lind  o r
vision - impaired travelers, an audio and/or tactile scheme will be
imp lemente d .  In the  fo rmer c as e,  the s ys tem wo uld  is s ue
spoken pro mpts  and the user 's cho ices  wo uld  be entered with
rais ed buttons on a TouchT one style keypad . The F ront Door
Kio s k info rms  the Sup ervis o ry Co mp uter o f the traveler ' s
needs.

Network - This is the hardware whic h connects the Supervisory
Co mp uter to  the F ro nt Do or Kio sk and the No d e Co mp uters
lo c a te d  th r o ug h o ut  t h e t e s t  s it e  (t y p ic a lly a t  c o r rid o r
intersectio ns). Co nnections between the Node Computers can
be implemented in one or mo re of the following ways: twisted -
pair wire, line c arrier current (thro ugh the AC wiring),  radio
frequency, infrared, or fiberoptic.

Use r w ea r a b le ele men ts -  T h e  wea r ab le ele me n t o f  th e
Intersectio n S enso rs has already been d esc ribed above. S ome
us ers  may want to  c arry a remo te c o ntr o l trans mitter.  I ts
ac tivatio n would send an infrared informatio n req ues t to the
S up ervis o ry Co mp ut er thro ug h a lo c al  no d e c o mp uter.  A
hand held  aud io  o r vis ual d is play wo uld  enhanc e the us er ' s
privacy and substitute for the broadcasted modes of information
dissemination.

Software - Portions of the controlling software will be written in
ToolBook [8], an object - oriented HyperCard -type language for
PCs. This software will run the Front Door Kiosk and the Phone
Interface as well as control the network's  node c omputers with
their sensors and displays.

O
l

� • � � O O

O
M
M b W b n

o

Figure 2 - RE system schematic configuration

The RE will b e c onfigured in a flexib le manner,  p ermitt ing
o p er a tio n  in  ma ny  mo d e s  a n d  wit h ma n y s tr at e gies  fo r
communicating environmental informatio n. Among them are:

1) Destination -only - In this  mo d e,  a T e ls o r c ard  will b e
programmed with the traveler' s destinatio n and  capab ilities. As
he /she walks, information will b e received in a manner

ap p ro p ria te with his  /her c ap ab ili t ies .  T his  info rmatio n is
diss eminated  transparently, without init iation b y the us er. Only
in f o r ma t io n  w h ic h  le a d s  t o  t h e  d e s t in a t io n  wo u ld  b e
communicated.

2) User - ini tiated - In this mo d e,  the us er c arries  a co ntro l
devic e. He /she receives  info rmation only when the butto n on
th e d ev ic e  is  p re s s e d .  T h us ,  t he  u s er  d e te rmine s  whe n
information is required.

3) Rich info mode - This mode add s additional capability to the
User - initiated  mode. When the control device is activated, the
us er c an rec eive d es crip tive information abo ut the immed iate
surroundings  as well as destination information.

4) Non - arrival - The s ystem will be able to detec t the absence
of a traveler at a part icular node after a programmed time. The
sys tem will attemp t to co mmunicate with a los t user and  send
updated destination instructions.

5) Personal sound - This traveling methodo logy uses distinctive
s o un d s  t o  a s s is t  a  b lind  o r  v is u a lly imp a ir e d  us e r t o  a
destinatio n.  At the F ro nt Doo r Kio s k,  the user is  ass igned a
sound (musical notes or animal sound) and instructed to "follow
that sound ".

6) Enhanc ed en vironmen tal sou nd s - This  sc enario involves
p ro vid ing  s o u nd s  no rma lly as s o c iat ed  with d es tinatio ns :
flushing (to ilet),  typewriter office), pots and pans (cafeteria),
drilling (dentist office), ruffling bills (payroll), etc.

Status (Work Acco mplished)

Advisory g roups - T he pro ject staff have organized two foc us
gro up  meetings  and  have met with s ix p o tential us ers  and
c linic ian s  to  o b t ain th eir vie ws  a nd  e xp er tis e  a b o ut  t he
functions to be incorpo rated  in a RE, c oncentrating on b lind,
visually impaired, and brain - injured users.

T elsor card s - A set of four card s  and  o ne trans po nd er have
been purchased, tested, and interfaced to a PC and a Macintosh.
Programs have been writ ten to identify individual cards.

Simu lation  software - T o  exp lo re the elements  o f the RE,  a
visual simulatio n o f the s ystem has  been writ ten in an ob jec t -
oriented  grap hic  enviro nment on a Co mp aq Des kp ro  386. It
currently inc lud es  a map  o f the Med ic al Center gro und s ,  a
query screen for picking a destinatio n within the fac ility, and a
naviga tio n a nd  o r ientat io n s c reen whic h d ep ic ts  c o r rid o r
pathways within a s imulated building. [Figure 31 In o peration,
the computer user /traveler picks one of eight loc atio ns and  is
guided by text prompts toward the destination. The user selects
the direction of travel and the virtual traveler moves through the
corrido rs. Simulated sensor readings and system respons es are
dis played  in text  bo xes.  As  work on this  p ro jec t c o ntinues ,
actual sensors and co mmunication elements  will be sub stituted
for the simulated ones.

Schematic Diagram of Medical Center

C

Figure 3 - Screen from ToolBook simulation program
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F uture  Wo rk

T h e  p la n  f o r  imp leme n t at io n o f  t h e  RE  c o n s is ts  o f t h e
follo wing:

1) A survey of potential test  sites selected from: airpo rt , large
business , shopp ing center, university or ho spital.

2) Ins tallat io n o f c ard  d etec to rs  and  info rmatio n - trans fer
devic es at  loc atio ns  s elec ted  fro m: inters ec tio ns,  elevato rs ,
ramps, powered doors, res trooms , information retrieval d evices
(library c atalog, telephone o r data terminal) at one site.

3) One -month test with 10 blind and 10 brain - injured users.

4) Evaluation o f init ial test  followed  b y po s s ib le revis io n o f
equip ment and software.

5) Selection of two sites for up grade of resources and expanded
testing.

6) Enrollment o f 100 s ub jec ts  (half fo r co ntrol gro up  without
"smart" identification cards).

7) Installat ion of 20 -30 d etec tor /informatio n transfer nodes  at
each site.

8) Six -month test  of both spontaneo us use by subject pool and
investigator - monitored trials.

9) Evaluation of 6 -month tests; deliverables cons ist of plans for
imp lementing REs.

Significanc e

It  is  es t imat ed  that  o ver  7.5 millio n  no n - ins ti tutio nalized
Ame r ic a n s  a r e  limite d  in t h e ir  s elf  - c a r e  ac t ivit ie s  a n d
oc c up atio ns b y d is ab ility o r c hro nic  illnes s  [9].  The RE will
acc elerate the integratio n o f many of thes e ind ividuals  into  the
mains tream o f s o ciety b y increas ing their ability to  find  their
way  ind ep end en tly. T he R E wo u ld  re lieve  ther ap is t s  and
trainers of s ome o f the burden of o rienting dis abled  ind ivid uals
within their phys ical s urroundings. Und er some circumstanc es,
the RE co uld substitute fo r a human esc ort. The proposed RE
would reduce the cost of accessibility to the disabled user, who
mus t otherwis e invest time and  attention beyo nd  that required
of the ab le- b od ied ,  and  to  the s ervic e -  pro vid er,  who  mus t
emp lo y s taff and b uild facilit ies s pecific ally for info rming and
d ire c tin g th e d is ab led .  In ad d it io n to  the  p u b lic  fac ilit ies
disc uss ed herein, it is anticip ated  that the RE conc ept will also
be applicable to  the ho me and workp lace and fo r ab le -  bod ied
peo ple in unfamiliar surro und ings. Expansion to other types of
disabilities co uld enhance the independence of elderly, hearing -
or mobility- impaired  individuals.

Disc uss ion

Implicit in the study of the RE is est imation of the cost  of their
full -sc ale implementation.  Obvious ly, a facility equipp ed  with
a RE will c ontain reco gnit io n and co mmunication d evic es  and
their interco nnecting circuitry that  will imp os e add ed c ap ital
and maintenance co s ts . Ho wever,  the RE will inc orpo rate o r
s up p la nt  s o me eq uip me nt o rd in ari ly in c lu d e d  in a  p ub lic
facility, such as annunc iato rs , directories,  and  s igns . The RE
could also be expected to reduce the labor costs associated with
o p erating an ac c es s ib le fac il ity,  b y rep lac ing s o me human
information and esc ort  pers onnel.  Recently p as sed  legislatio n,
s u c h  a s  th e Amer ic an s  with  Dis a b ili t ies  Ac t ,  will  c re at e
ad d itio nal o p p ortunit ies  fo r dis ab led  p eo p le to  make use o f
p u b lic  f a c ili t ies . T he  R es p o ns iv e En vir o n me nt  c o n c e p t
promises to be a cost  - effective approach that d oes not unduly
burden either the disabled user or the operator of the facility.
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INTRODUCTION

This presentation summarizes the purposes, methods,
and key findings o f  a survey on awareness and
informatio n needs related  to  assist ive techno logy in
Maryland (Malo uf, Peterson, Pilato, & Owings,
1991). The s urvey was c o nd uc ted  as p art  o f the
statewid e Maryland T echnology As sistance Pro gram
(TAP). The o verall goal o f the Maryland TAP is to
increase knowledge of and access to assis tive
technology by ind ividuals with dis abilities. The
survey had three purpo ses: (a) to provide d ata on the
us e of ass is tive tec hnology; (b) to provid e data o n
awareness, information needs, and current sources of
information abo ut ass is tive tec hnology; and  (c ) to
provide a baseline for measuring changes in
awareness  in subsequent years.

METHOD

S inc e the Maryland  T AP is  intend ed  to  b enefit  a
statewide po pulatio n of individuals  with d is abilities
at all ages, the survey sought to represent this diverse
population to the greatest extent possible. The survey
sample was selected from populations receiving
services from special education, vocational
rehab ilitatio n,  and senio r services  in s ix co unties in
Maryland. The six counties were selected to
represent urban, suburban, and rural areas. The
sample was s tratified  by d isability category and age
for special education and vocational rehabilitation and
by age fo r senior services, and was drawn rand omly
from the client b ases  of these three agenc ies.

Part icip ants were given the o p tio n o f telep hone o r
mail forms of the survey. Alternate forms were also
develop ed  for c hild  and  adult samp les;  s enio rs  and
vocational rehabilitation clients were surveyed
direc tly, and parents completed the survey for
children in the spec ial education population.
Respondents  were paid for c ompleting the survey.

RESULTS

A total of 415 responses were received for a response
rate of 22 %. The resp ondents were d ivid ed  fairly
eq ually across the three agency types and the
dis ability catego ries. The number of resp onses  was
sufficient to s uppo rt analyses by service agency and
dis ability. However, it should be recognized that the
responses may not be fully representative of the total
population. Fac to rs s uc h as  us e o f o r interes t  in
as s is t ive d ev ic e s , s o c io ec o n o mic s tat us ,
communic ation d iffic ult ies, and  o ther fac to rs  may
have influenced whic h individuals responded. Since

different agency types , d is ability groups, and  age
ranges  were approximately equally represented in the
samples but not in the p opulations  from which they
were drawn, a weighting procedure was used to more
accurately reflect their prevalences in the population.

Use of  Assistive Devices

The highes t percentages of use of assist ive d evic es
were found for the vocational rehabilitat ion
population. Ten to 12% of the vocational
rehab ilitation population used  vision aids (o ther than
eyeglas ses,  whic h were us ed  by 58 %); abo ut 20%
us ed aid s  to  co mp ens ate fo r hearing imp airments ;
about 20% used mobility aids s uch as wheelchairs or
walkers; about 12% used devices for computer
access, environmental control, or self —care; and 4%
used sp eech o r c ommunicatio n devices s uc h as  a
communication board o r speech synthesizer. Amo ng
the spec ial education population,  7% repo rted us ing
speech or communication d evices, 7% reported using
mob ility d evic es , 2% us ed  devices for hearing,  and
1% used devices fo r vision (other than eyeglas ses,
which were us ed by 38 %). The majority o f s pecial
education students had mild to mod erate
cognitive/leaming or sp eech/language p ro blems  that
did no t req uire ass is tive devic es . Amo ng s eniors,
21% used mobility aids, 6% used devices  for hearing
better, and 91% used eyeglass es or magnifying
devices.

Sources of Information about Assistive Devices

The resp ondents  were as ked abo ut the sources  of
information they had used in the previous year to find
out about assis tive devices. "Doctors or other
medical people" were identified as the primary source
of info rmatio n ab out ass ist ive devic es  by all three
groups (with a t ie occurring in the sp ecial ed ucation
population). The p op ulations ap peared  to  d iffer in
the other information sources used. Fo r s p ecial
education, "a place where you get services" was one
of the two most commonly used  sources, while other
sources were used by 10% o r les s of the p opulation.
Vocational rehabilitation respondents indicated use of
a greater variety of informatio n so urces. "A p lace
where you get services," "pamphlets, books or
catalogs," "friends or relatives," "articles in
newspapers or magazines," and " television or radio"
(in desc ending order of percentage) were all used by
more than 10 % of the vocational rehab ilitation
population. Seniors als o reported reliance on
multiple sources for information about ass ist ive
devices. "Articles in news papers or magazines,"
"friends o r relatives," " televisio n or radio ," and "a
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place where you get services" (in descending order of
perc entage) were all us ed  b y mo re than 10% of the
senior po pulation.

Respondents were also asked to identify those
sources of information that they c ons idered "very
helpful." T o  a large e xtent thes e findings  reflect
those rep orted ab ove. For the overall p op ulation, it
app ears that the mo st c ommo nly us ed  so urc es  o f
info rmatio n als o tended  to b e "very help ful, "  with
"doctors  or other medic al people" ranking highest for
the overall p opulatio n and  for each agenc y typ e.

Need for Additional Devices

The T AP  s urvey as ked  res p ond ents  if  they need ed
additional assistive devices that they did no t currently
have. Among the vocational rehab ilitat ion p opulation,
31% ind icated  a need  fo r ad d it io nal d evices ,  with
substantially higher percentages fo r the visual (49 %),
hearing (38 %), and physical/speech (38 %) categories
than fo r the c ognitive/learning (16 %) category. Only
15% o f the p arents of s p ec ial education stud ents
indic ated a need  fo r add itio nal d evic es . Ho wever,
61% of p arents of multiply— handicapped students
believed their children needed  o ther d evic es , and
higher p erc entages  were als o  fo und  fo r parents  o f
children in the visual (38 %),  physical/health (30 %),
and hearing (24 %) categories. Only 10% of s enio rs
thought they needed additional d evices. Furthermore,
a cons iderable percentage of special education,
vocational rehabilitation, and senior respondents
(23 %, 24 %, and 19 %, respectively) reported that they
did not know whether they needed ad ditional devices
or no t, ind icating a lac k o f info rmation ab o ut what
ass ist ive technology might benefit them or their
children.

Information Needs

A majo r go al o f the Maryland  T AP  is  to  d is c o ver
and meet people's needs for info rmation about
assist ive technolo gy. Respond ents were as ked to  rate
the imp ortanc e o f teaming more about several top ics
of ass istive technology, including general information
about ass ist ive devices; a basic introduction to
assistive devic es; info rmation abo ut how to get, how
to  use, how to maintain and  rep air, and ho w to pay
fo r ass ist ive d evic es ; and  informatio n abo ut what
spec ific devic es they or their children need ed.

Five of the seven top ics were rated  "very impo rtant"
o r "es sential" by over 40% of the vocational
rehab ilitat io n po pulation. The voc ational
rehabilitatio n p opulation gave the highes t p erc entage
to "ho w to get ass ist ive devic es, " followed b y "how
to  p ay for assis tive devices" and "what s pecific
devices  you need " As with earlier questions, higher
percentages were found fo r group s with specific
senso ry o r physical disab ilit ies. Fo r examp le,  o ver
80% of respo nd ents with visual imp airments  desired
more info rmation abo ut sp ecific  devic es  and how to
get and  p ay for them.

For the o verall spec ial education po pulatio n, the
perc entages tended to be so mewhat lower than fo r
vocational rehabilitation. Ho wever, parents of
students with sensory, physical, or multip le
disabilities rated their information needs much higher.
For example, teaming about specific devices for their
child ren was  rated  very imp o rtant o r es s ential b y
81 %, 77 %, 66 %. and 62% of parents of children with
multiple, p hys ic al,  vis ual, and  hearing d is abilit ies ,
respectively. In contrast, the senior population
expres sed relatively lo w need s  fo r learning more
about any of the topics listed, with all except "how to
pay for as sis tive d evices " rated as "very impo rtant"
or "essential" by les s than 25% of the pop ulation.

Conclusio ns

The find ings  of the Maryland  TAP  s urvey indic ate
that there is a great need for more info rmation about
assis tive technology, esp ec ially amo ng spec ial
education students and vocational rehabilitation
clients with sensory, physical, and multiple handicaps.
Thes e po pulatio ns  in part icular expres s ed  a s trong
desire fo r more information about what ass ist ive
devices they or their children need and how to obtain
and  pay for thes e d evices. The results sup port the
need fo r an organized  effo rt  to  p ro vid e information
about assis tive technology to individuals with
dis abilities.

The results of the TAP survey also provide d irection
on how best  to  s truc ture an info rmation c amp aign.
All three gro ups included  in this stud y relied  heavily
on doctors and other medical professionals for
info rmation about as sist ive technolo gy. Vocational
rehabilitat ion c lients  and special educatio n s tudents
also  rep orted agenc y s ervice p roviders as  important
sources of information. In addit ion, vocational
rehab ilitation and senior populations indic ated
moderate use of printed materials, rad io, and
television for information abo ut d evic es . Thus , a
suc ces sful info rmatio n c amp aign will target medical
and other s ervice provid ers, and  may s up p lement
these sourc es with med ia efforts.

Programs for public awareness and information often
rely on information products such as pamphlets,
newsletters, media announcements, and public
dis plays. The find ings of the TAP survey sugges t
that s uc h info rmation pro duc ts  may be us eful and
nec es sary, but that  a more pres sing need is  for the
provision o f information services . Existing service
providers in s uch fields  as  education,  rehab ilitation,
senior s ervic es,  and med ic ine may o ffer the mo s t
effec tive and approp riate means for providing
information services. These services  should supply
individuals with information about what ass ist ive
devices they need and  how best to ob tain them.

The needs expressed by respondents have
imp lications fo r what s pecific info rmatio n servic es
are neces sary. The s urvey fo und stro ng needs  for
informatio n abo ut how to  get and how to pay for
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ass ist ive devic es. The Maryland  T AP can add res s
these needs by pro viding co ns ultat io n on exis ting
devic es  and the means  available for ob taining them.
These services should help individuals navigate
through the often co nfus ing p ro cess  o f finding and
financing assist ive technology.

T he T AP survey inc luded only individuals within
Maryland. Ho wever,  great  c are was  taken in the
samp ling p ro ces s , with the result ing samp le fairly
eq ually distributed across three separate service
agenc ies. Becaus e of the stud y' s careful s ampling
plan and its use of three large client bases, the
samp le may also be representative of disabled
individuals outside Maryland . The results of the
Maryland  TAP survey may be us eful to other s tates
in d etermining their residents '  needs for information
about assis tive techno logy.
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AB S T R AC T

A set of technology core competencies and training guidelines for
occupational therapists (OTs) has been drafted by the Technology
Special Interest Section (ISIS) of the American Occupational
Therapy Association (AOTA). Competencies are delineated into
three levels: knowledge, general technologist, and specialized
technologist. This set is intended to serve as a basis for pro-
viding technology training to OTs at the pre- and post- profes-
sional levels, as well as to serve as a training model for other
rehabilitation technology professions, such as rehabilitation
engineering, and physical and speech therapy..

B A C K G R O U ND

Technology has served as one of the primary tools of occu-
pational therapists since the profession started in the early
190[Ys. Light and high technologies have been used to improve
the functional performance of individuals with disabilities within
the community, work, play and school settings. Many recent
trends in our society have increased the use and proliferation of
commerical and assistive technologies. Due to the changing
nature of our society imposed by the Information Age, indi-
viduals are now required to access and use many technologies,
such as computers, networks and faxes, on a daily basis.

Assistive technologies, such as wheelchairs and adapted computer
access devices, are becoming increasingly available and sophis-
ticated. Five years ago, access to adaptive technologies, par-
ticularly high technologies such as computer access devices, was
extremely limited. Individuals with disabilities were forced to
adapt themselves to fit the limited capabilities of the tech-
nologies. Today, there is an increasing range and sophistication
level of technologies, from low to high tech, from which to
choose, giving consumers the opportunity to customize and
integrate many technologies to fit their specific needs and life
goals.

Recently, our society has seen a grass roots movement among
individuals with disabilities which has insulted in several key
pieces of legislation. Key legislation, such as the Americans
with Disabilities Act (PL 101 -336), the Technology Related
Assistance for Individuals with Disabilities Act (PL 100407),
the Rehabilitation Act (PL 99 -506) and Amendments of 1986,

and Education for All Handicapped Children Act (PL 94 -142),
mandate that children and adults with disabilities be given equal
access to technologies which enable them to function in the
community, school, and workplace, and that monies and services
be appropriated to train professionals in the application of these

technologies.

prescription, operation, and adaptation of technologies if they are
to meet the changing needs of individuals with disabilities.

The increased use of technology has also introduced many
emerging areas of service delivery in which rehabilitation profes-
sionals, including occupational therapists and rehabilitation
engineers, can become involved in, such as adaptive computer
access assessment, ergonomic analysis, and worksite accom-
modation. Therapists must extend service delivery outside of the
traditional clinic setting to the schools and worksites. They must
be competent in working within a multidisciplinary service
delivery team which may include physical and speech therapists,
medical professionals, engineers, teachers, rehabilitation coun-

selors, employers and vendors, as well as a variety of internal and
third -party reimbursement sources. Therapists must also function
in the role of consumer advocate, working with consumers to

ensure access to and funding for enabling technologies.

All of these trends demonstrate the importance of technology in
our society and the need for therapists and all rehabilitation
professionals to be knowledgeable in the application of these
technologies. However, surveys of occupational therapists and
therapy programs have found this need has been relatively unmet
and have demonstrated the critical need for ongoing technology
training on both the pre- and post- service levels [1,2].

OB J E C T I V E

In response to the need for technology training, the American
Occupational Therapy Association (AOTA) has developed a new
Technology Special Interest Section (ISIS). The goal of the
TSIS is to serve as a central clearinghouse and networking base
of technology- related information and expertise. One of the
primary projects of the TSIS is to develop and evaluate a set of
technology - related competencies and training guidelines for
occupational therapists.

AP P R O A C H

Before drafting the competencies, an extensive list of content to

be taught was identified by the TSIS members, expert clinicians,
educators, and searches of the RESNA and AbleData databases
(see Table 1). In addition to the traditional content categories of
control, communication, and mobility, the list was extended to
include funding /reimbursement, service delivery, information
dissemination, and technology transfer. A set of core compe-

tencies was drafted from this list. Competencies were split into
three levels: knowledge, general technologist, and specialized
technologist.

Knowledge
Access to technology has become as critical a need for individ- The knowledge level applies to minimum competencies all
uals with disabilities as is access to the physical environment. therapists should possess upon completion of pre - professional
Therapists must be aware of and competent in the evaluation, training. Therapists at this level will provide technology- related
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treatments with supervision and triage and referral services to
clinicians at the general and specialized levels. It is critical that
therapists at this level be competent in the identification and use
of technology resource networks and databases to refer clients to
the appropriate technology evaluation and prescription services.

Gen era l Techn olog i st
Therapists at the general technologist level have completed
additional technology training through a specialized program,
such as the University of Wisconsin - Madison's OT TechSpec
program [3], and an additional 50-60 hour clerkship with a
general or specialized OT technologist. General technologists
may serve as Technology Team Coordinators and provide
unsupervised techno logy - related treatments; however, they are
not qualified to provide specialized technology evaluations.

Specia liz ed Tech no l og is t
The specialized technologist has developed an expertise in a
specific application of technology, such as seating and posi-
tioning or worksite accommodation. Therapists at this level are
qualified to develop and conduct technology assessments and
provide specific troubleshooting.

Therapists at the general and specialized levels are encouraged to
participate in the development and evaluation of new tech-
nologies and design and implementation of technology - related
research projects.

T ec hn o lo gy T raining Co nt ent

Accessible Architectural Design
Administration & Management

Augmentative & Alternate Communication (spoken & written)
Biofeedback

Computer Applications (hardware & software)
Education

Environmental Control
Funding

Information Networking
Interface Design

Job Accommodation
Legislation

Light/Daily Living Technologies
Neuromuscular Electrical Stimulation

Orthotics & Prosthetics
Personal Care Aids

Personal Transportation
Quantitat ive Func tional As sess ment

Recreation
Research & Development (Technology transfer)

Robotics
Seating & Positioning

Sensory Aids
Service Delivery
Wheeled Mobility

Table 1. Areas of technology content on which competencies
and training guidelines  are based.

R E S UL T S

To date, the first set of core competencies for knowledge -level
therapists completing pre - professional training has been devel-
oped. Each competency is accompanied by training guidelines
and suggested methodologies and existing resources which can be
used within OT curricula. This detailed set is available through
the TSIS. A set of similar competencies which emphasizes
innovative methods of providing continuing education is being
drafted for therapists who have been practicing for many years,
but need additional training to learn about new technologies and

to remain current on the latest advancements, legislation, and
emerging areas of service delivery.

Upon revision of this set, the competencies will be reviewed by
AOTA and be distributed to OT training programs for imple-
mentation and evaluation.

D I S C US S I O N

The core technology competencies developed by the TSIS
emphasize the role of the occupational therapist within a multi-
disciplinary service delivery team. Competencies specifically tap
into the existing knowledge base of occupational therapists; that
is, the expertise of the therapist in identifying the needs of
individuals with disabilities and in integrating various tech-
nolo gies  (light,  high, assis five, rehabilitative) which will
optimize functio nal performance within the home, work, school
and play enviro nments.

At the knowledge level, therapists are not required to possess the
same knowledge of technology as that of other rehabilitation
professionals, such as engineers; but rather, to have an overall
understanding of the specific roles of each team member in the
service delivery of technology and the ability to locate and tap
into the services of these professionals to assist in the evalua-
tion, prescription, and technology transfer process. For example,
a knowledge -level OT is not required to be able to fabricate a
switch from scratch or to program a HyperCard stack to run an
environmental control unit. Instead, therapists must be able to
identify information resources and databases which will help

them locate commercial devices, identify local consumers already
using these products, contact general or specialized OT technol-
ogists who can perform further evaluation and prescription
services, and identify other rehabilitation professionals
(engineers, technicians, therapists, consumers, vendors) who can
help to fabricate or adapt these technologies and train the

knowledge -level therapists how to use and incorporate them in
their practices.

Although the competencies were specifically designed for OTs,
they are relevant to and can be adapted for other rehabilitation
professions including physical and speech therapy, engineering,
special and regular education, and rehabilitation counseling.

The drafting of this set of competencies is the fast step in
providing comprehensive, quality technology training to
occupational therapists. This list focuses primarily on training
within pre - professional university-based OT programs. There is

still a large number of occupational therapists who have
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been practicing for many years who need technology training on

introductory and advanced bases. In the future, the ISIS plans to
develop a similar set of competencies and continuing education
training guidelines for this group  of practicing therapists, and for
therapists who aspire to become general and specialized technol-
ogists. Compentencies for general and specialized technologists
will be developed in conjunction with other professio nal groups
drafting similar guid elines inc luding RES NA, ASHA, and the
Council for Exc eptional Children.

AC KN O W LE D G E M E N T S

The authors would like to thank the American Occ upational
Therapy Assoc iation, especially Carol Gwin, for their support
and assistance in develo ping the 'MIS and these guidelines.

R E F E R E N C E S

1. Kanny, E., Anso n, D., and Smith, R. (in pres s).
Technology training for occupational therapists.
Occupational Therapy Journal ojResearch.

2. Somerville,  N. , Wilso n, D., Shanfield,  K.,  and Mack,  W.

(1990). A s urvey of the ass istive technology training
needs of occupational therapists. Assisfive Technology, 2,
41-49.

3. Smith,  R.O.  (1990). Tech Spee 1989 -90 Report. Madison,
WI: Trace R &D Center, Reprint Service.

AUT HOR ' S AD D R E S S

Jo y Hammel, MEd,  OTR
Palo Alto Veterans Affairs Medical Center
Rehabilitation Res earch and Development Center -MS 153

3801 Miranda Avenue
Palo  Alto,  CA 94304

OR

AOTA Technology Spec ial Interest Section
American Occupational Therapy Association
% Carol Gwin, OTR
Practice Division
1383 Piccard Drive,  PO Bo x 1725
Rockville,  MD 20849 -1725

184 RESNA International '92 • June 6  -11,  1992



11.3
THE COST EFFECTIVENESS OF OUTREACH

Robert Michael Jones, Benjamin E. Brown, Kathleen A. Kolar
Department of Rehabilitation Engineering
University of Wisconsin Hospital and Clinics
Madison, Wisconsin

INTRODUCTION

In recent years, several Rehabilitation Technology programs
have reported on their experiences traveling to clients rather
than having clients travel to the Rehab. Technology
Center.1,2,3 The reports have concentrated on the means of
service delivery, usually specially equipped vans to provide on
site fabrication services.

The Department of Rehabilitation Engineering of University
of Wisconsin Hospital and Clinics designs and fabricates
custom seated positioning systems. The Department
established an Outreach Program in 1981. For the first two
years, department staff traveled from Madison, to see clients
located throughout much of the state of Wisconsin. Trips
were to schools, nursing homes or community agencies
where several clients could be seen in one day. The trips
were on a regular schedule. Staff members traveled once or
twice each week. An individual client could rely on being
seen every 5th week. The length of the trips varied from
approximately 100 to 300 miles round trip.

In 1983, the Department hired staff members who lived in
the more distant Outreach areas served. We fell having staff
members located in the geographical areas served would
provide better service because they would be available
between Outreach visits and they would facilitate
coordinating appointments and outreach visits. Madison -
based staff members continued to travel to these Outreach
areas. Clients were seen by a team consisting of a Madison -
based staff member and the new "local" staff member.

A management accounting system was developed to monitor
the financial performance of each Outreach Area and to
provide feedback to all staff members on financial activities.
In this accounting system, revenue is obtained from charge
documents filled out whenever patients are seen. Expenses
are divided into three broad categories: 1. Materials, which
includes the seating systems fabricated for the Department
by an outside vendor, metal brackets, shop supplies and shop
personnel. 2. Professional staff, which includes both the
"local" and Madison -based staff. Charges for the Madison -
based staff include travel time and vehicle charges. 3.
Department overhead which includes secretarial staff,
management and other general expenses.

The accounting system includes separate "areas" for clients
seen at University Hospital in Madison, for those Outreach
clients seen only by Madison -based staff and for clients seen
for "special projects".

METHODS

The management accounting system was used as a data base
to examine the question of cost effectiveness of alternative
service delivery models. The geographical areas in the
accounting system can be grouped into one of three service
delivery models:

1. Center Based, No Outreach
2. local Outreach
3. Outreach With Local Staff

The Center Based area with No Outreach is for clients seen
at University Hospital in Madison. This would correspond
to the traditional model of a Rehabilitation Engineering
Center. Clients travel to a central facility which has a large
staff and extensive equipment.

The Local Outreach area is for clients who live close to
University Hospital and are served by Madison -based staff
members who travel to the client. This type of service
delivery corresponds to the traditional wheelchair vendor.
Travel is to local facilities such as schools, nursing homes
and community agencies. The length of the trips seldom
exceeds 100 miles round trip.

Outreach With Local Staff are "areas" with staff members
who live outside Madison and have regularly scheduled trips
by Madison -based staff members. Most clients are seen at
centralized locations within the area by both the Madison -
based and local staff members. The local staff member
travels to see other clients. Trips by the Madison -based staff
members are 200 -300 miles round trip. Trips by the local
staff are less than 75 miles round trip.

RESULTS

Data was taken from the managerial accounting system for
four consecutive years (fiscal years 86/87- 89/90). During
this period, the Department averaged approximately 1,700
client visits and 300 new seated positioning systems per year.
The seating systems were constructed of plywood and foam
and manufactured by local vendors to specifications provided
by the Department of Rehabilitation Engineering.

The ratio of revenue divided by expense (expressed as a
percentage) is used as a measure of financial efficiency for
each type of service delivery. A ratio of 100% would be
considered breakeven.

The results for the four types of service delivery are shown
in Table 1. An analysis of variance revealed that differences
between years or types of service delivery are not statistically
significant.
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TABLE1. COST EFFECTIVENESS OFALTERNATIVE
SERVICE DELIVERY MODELS

SERVICE DELIVERY REVENUE /EXPENSE
MODEL RATIO

Center Based, No Outreach 129%
Local Outreach 126%
Outreach With Local Staff 119%

DISCUSSION

It seems intuitive that traveling to see clients should be more
expensive than having clients travel to your center. This is
not supported by our results and by anecdotal results from
other centers. In our experience, seeing patients on
Outreach trips is more efficient because staff waiting time is
reduced or eliminated. When clients travel to see us, they
often arrive late or cancel their appointments with little
advance notice. When we travel to see clients, there is no
lost waiting time. At facilities where we see several clients,
such as nursing homes or schools, clients are available as
soon as we are free to see them.

There are other service delivery programs that travel to
remote centers, but having a local area coordinator is
uncommon. Having both centralized and "local' staff
members is a feature of programs in Montana and South
Carolinas. This type of program might be described as a
"distributed ".

Traveling to see patients has an additional benefit. INPUTH
When clients travel to University Hospital to see us, they are
rarely accompanied by more than one person who
works /lives with them. When we travel out to see clients,
usually parents /attendants, teachers and therapists are
present. Having the additional people present, allows a
much more complete explanation of what needs the
equipment should address. The needs may be contradictory,
but Rehab. Engineering staff can point out the contradictions
and present alternatives. The fmal decision, made by
everyone present, insures a good match between equipment
and client needs.

We have found Outreach a means of providing quality
equipment in a cost effective manner.
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A Computer -Based Information Management System for a 11.4

Rehabilitation Engineering Service Delivery Program

Gerald Weisman and James P. Tranowski
Rehabilitation Technology Services

Vermont Rehabilitation Engineering Center
Burlington, Vermont

Abshact

It is becoming increasing important to assure  the
quality of rehabilitation engineering and assistive
technology services. An important part of any quality
assurance program is the data management system.
Any data  sys tem must be able to provide critical
information about people served, services provided and
other activities of the program. Rehabilitation
Technology Services, an affiliate of the Vermont Rehab
Engineering Center has developed a comprehensive
Dbase III + /Clipper information system that is easy to
use and is capable of tracking clients, services and other
necessary information.

The provision of assistive technology and rehabilitation
engineering services has grown significantly during the
last few years. With legislation such as the "Tech Act,"
Americans with Disabilities Act, changes in education
laws and proposed changes in the Rehab Act, it is
anticipated that these services will continue to grow.

As more service programs are established it becomes
increasingly important to assure the quality of services.
An important part of any quality assurance program is
the collection of appropriate data. This information is
vital in evaluating a program's performance, such as
types of clients served, actual client flow, average
income /loss per client, future client flow projections,
material /labor costs, quarterly or annual profit /loss
statement, etc.` This information is important for
program planning and accountability.

Rehabilitation Technology Services (RTS) was started
in 1983 as a private partnership to provide
rehabilitation engineering and assistive technology
services to the northern New England area. In 1985
the company was moved to Vermont and became an
affiliate of the Vermont Rehabilitation Engineering
Center at the University of Vermont. It is still run as
a small business as part of the Orthopaedic and Rehab
clinical practice group.

RTS provides rehabilitation engineering consultations
as well as fabrication services, information and referrals
and educational programs and workshops. Almost all
areas of assistive technology are covered by RTS
services particularly; worksite modifications, educational
and classroom accommodations, mobility and seating,
communication, computer access, devices for activities
of daily living and architectural accessibility. The
services of RTS have been expanded greatly daring the
last due to a  contract with the Vermont Assistive
Technology Project funded through the "Tech Act."

These expanded services include a mobile service
delivery program that supports local mobility and
seating clinics with engineering consultation and "try-
out" equipment and expanded computer and
augmentative communication services including a "try-
out" center with equipment.

It has always been important to track information about
the services we provide. This information has been
helpful in identifying good sources of referrals as well
as the actual costs incurred in providing the services
and the income generated. The need for a
comprehensive data collection system was identified
early on in the development of the program. This
paper describes the computer based data collection
system developed specifically for Rehabilitation
Technology Services and provides illustrations of how
the data is analyzed and presented.

Evohition of Infonnad- SjW—

The current RTS information system uses a
DBase /Clipper tool. The original information system
relied on a single DBF file, and used a multi page
"Format" Screens to govern entry. We began with a
schema wherein all the information to describe any
possible activity (as well as the complete client
demographic record) are held in a single DBF record.
Because only the first occurrence of a client's record
carried all the valid personal information. However, if
changes were to be made (new telephone number),
then the user would have to locate that first record, or
the changes would be lost. This structure presented
specific problems and inefficiencies in handling the data
including:

1. Managing client info -- Hybrid: Paper /Disk. Client
ID's are managed by keeping track of each Client's
folder.
2. Multiple use of "PgDn" key to find correct form.
This requires extra time and effort.

The capacity to produce valuable reports was
compromised due to the structure of the information
system. There was massive wasteful duplication of
fields that were always by default unused and blank.
There was a major opportunity for user error that
could corrupt the real history that this system was set
out to record.

The system was modified using a DBase III+ menu
driven system which has ultimately evolved into a
system using Clipper V5.01 with Rtlink +.

D- S n of C—puf- Based Info Syslesn

The goals for the system are: a) to have an accurate
record of program activities, b) streamline the clerical
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us er 's inp ut tas k, and  c ) to  p rovid e fo r meaningful
online and  hard  co p y rep orting func tio ns .

Need s  and  Ob jec tives  o f S ys tem

The s p ec ific  info rmation needs  of the servic e d elivery
pro gram were d efined  and  ob jec tives  were d evelo p ed
for the co mp uterized info rmatio n system. Thes e
ob jectives  inc luded:

1.  Rehab technology p ractic e
A.  Single p rovider
B. Growth to  s eco nd , etc . providers

2. Capture daily ac tivity of p ro vider(s)
3. Ease /po wer of func tional interface fo r cleric al s taff
4.  Eliminate any /all d ouble entry (re- keying)
5. Ac curately and  effec tively

A.  Rec o rd  d ata
B.  P o rtray his to ric al & financ ial rec o rd  (o n
sc reen)
C.  P ro vide fo r repo rts

S truc ture o f Datab as e

The database is  structured aro und three pivotal o r "key"
field s  whic h are integral to the co ncep tual func tio ning
of the RT S  Datab as e. Thes e fields  are:

1.  C lient ID numb er
2. Servic e /Activity code
3. "Funded ?" question

Eac h uniq ue client  rec o rd  mus t b e as s igned  a uniq ue
(us ually an as c end ing in teger) ID numb e r o r code.
Any /all service and activity rec ord s mus t c arry this ID,
whic h forms the b asis  o f a relatio nal loo kup .

Eac h s ervic e /ac tivity rec ord  must c arry a "SVC" cod e.
Thes e are defined o n the pap erwork filled in by

pro viders; the list of these is subject to period ic
ad ditions. The S VC c o d e is indic ative o f the kind o f
service that  was  p erformed ,  i.e.  info rmatio n pro vid ed ,
consultations, engineering design, fabrication o r
training.

Eac h s ervic e /ac tivity reco rd  carries  a flag ind icating as
to  whether it  is  " fund ed " o r not. If set to "true ", then
add itional fo rms  may be enab led  to  the clerical user for
entry o f this  related  info rmatio n.

The s ystem was  es tab lis hed as  a menu driven s ys tem
us ing DBas e  III+ PRG p ro gram files . The o riginal
massive- single DBF file was separated into three
ind ivid ual DBF  files . Client reco rd s  (CLIENT .DBF )
wo uld be entered only onc e. T he service rec ord
(S ERVICE.DBF ) d esc rib es  the s ervic e p ro vid er,  the
nature o f the s ervic e,  a few related  d etails , and a flag
telling whethe r o r no t this  ac tivity has  b een fund ed .
The third  file is  the ac tivity file (ACfION.DBF ). This
file c o ntains  fields  fo r all d ates ,  times ,  c harges ,  and
payments ass oc iated  with this activity.

T here was one weakness with this "Relational"
ap p ro a c h ,  d ue to  th e r un time way  th at  DBas e  II I+

works. While thes e 3 files  were lo gic ally linked  via
several key field s , during rec ord  s elec tio n ac tivities
where we us ed BROWSE FIELDS,  the us er was always
free to  alter these fields . Additionally, fields were o pen
to  b e a ltered  if  th e us er  c ho s e to  b yp as s  o u r menu
struc ture, and invoke the DBas e III+ EDIT or
AP P END c o mmand .

The d atab as e was  further refined by us ing Clipp er
V5.01 with R tlink+ to  p ro d uc e a s ingle "EXE"  file
which covers all the func tio ns fo r RT S in a  s in gle
stand -alone program. The Clip per version o f  t he
database s ystem res olves  many o f the prob lems faced
b y us ing the  Db as e III+ menu driven versio n. The
look and feel of the overall package was imp roved with
suc h features  as:

1. Unify into a single consistent set of keystro kes:
<Ret >, <Es c  > ,  an d  a very s mall numb e r o f <F n>
functio n keys.
2.  Quic ker res p ons e and  more d irec t  p ath to  d es ired
functions. Multiple c hoic e form entry' s are now served
by P OP UP  p ic k lis ts ,  eliminating entry o f INVALID
values.
3. Control - fields  whic h are c rucial to  the re latio nal
linking of the 3 s ep arate DBF' s are no  longer expo sed
to errant or inad vertent user erasure or destructio n.  At
the s ame t ime,  the relational links  between the 3 files
are b eing emphas ized , permitt ing the user to  ac tivate a
UNIF IED BROWS E, whic h auto matic ally effec ts the
ONE -T O -MANY link b etween CLIENT  Reco rd s and
the SERVICE /ACT IVII ' Y pair.
4. On Line HELP,  using a co ntext -keyed DBF/MEMO
pair.
5. Better integration w/ MS -DOS (3.30 + ) Clipp er uses
its  o wn virtual memo ry S ys tem,  freeing us  fro m the
640KByte barrier of MS  -DOS

Repo rts

The s trength o f any informatio n management sys tem is
the ab ility to  c reate useful rep o rts abo ut the ac tivit ies
of the p rogram. We have us ed  o ur s ys tem to  c reate a
number of reports des cribing the nature o f services  that
have b een p rovid ed, the kinds o f clients,  the sourc es of
referrals ,  the nature of the dis abilities  and func tional
limitatio ns  o f the clients  s erved,  etc . In c onjunc tion
with standard acc ounting proc edures and repo rting
techniques, o ur info rmatio n system has provided
valuab le d ata on how and  when servic es  are funded.

In o rder to vis ualize o ur data we have c reated  a ]ink
with Harvard  Grap hic s  to  p ro d uc e grap hs . F igure 1
demons trate the d istrib ution of ages of the c lients  seen
by RT S . Figure 2 illustrates the catego rization of
services provided by RTS. As can be seen, most
services involved "Postural Seating" and "Worksite
Modifications ." T he figures repres ent the p ercentage of
350 clients  seen over 5 years.
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Conclusion

A co mputer bas ed info rmation sys tem has  been c reated
to track information abo ut c lients, services  and  funding
for a private rehabilitation engineering /as sist ive
tec hnolo gy s ervic e d elivery p rogram. The s ys tem has
proven to be effective in tracking and presenting c ritical
info rmatio n ab out who is  b eing s erved and what kinds
of services arc being provided. The system has
co ntrib uted to imp ro ving the delivery o f s ervic es  and
the gro wth o f the program.
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11.5 How to Teach about Technology: Developing a Syllabus on Assistive Technology

for Rehabilitation Educators

John R. Schweitzer, Paul N. Hale, Jr. and Frank D. Puckett
Center for Rehabilitation Science and Biomedical Engineering

Louisiana Tech University
Ruston, Louisiana 71272

Abstract

National policy in  recent years has emphasized

technology - related assistance as an integral part

of rehabilitation case services. This has created
a need for counselors -in- training to receive

instruction in the application of assistive and
rehabilitative technologies for persons with

disabilities. A training program was designed to

provide rehabilitation educators with an exposure

to rehabilitation technology and provide an

instructional syllabus to facilitate teaching about

assistive technology within their counselor

training curricula.

Background

Contemporary legislation in the area of assistive

technology includes the 1986 Amendments to the

Rehabilitation Act mandating greater use of

rehabilitation engineering services, the

Technology- Related Assistance for Individuals

with Disabilities Act of 1988 which establishes

statewide systems change in access to assistive
technology, and The Americans with Disabilities

Act of 1990 which indicates the role for
tech nology in provid in g "reas on able

accommodation" for persons with disabilities.

Rehabilitation technology is a relatively new
feature in rehabilitation programs and few

rehabilitation counselors have received formal

training in this area. This has led to some

apprehension on the part of rehabilitation staff.

Appropriate training can help demystify assistive

technology and help rehabilitation staff become

more comfortable with this new "tool' for
rehabilitation. Perhaps there is  no other state

agency function that is more important than

providing complete on -going training to

counselors and supervisors who have

responsibility for providing services to their

clients in this area (Corthell and Thayer, 1986).

Just as accountability and quality assurance are

important in traditional rehabilitation practice,

there should be a committment to assuring that

quality services are provided in assistive

technology. Rehabilitation counselors have the

ultimate responsibility to see that evaluations for

assistive technology are performed by competent

staff.

Objective

The objective of this training program was to

provide rehabilitation educators with an overview
of rehabilitation technology as well as experience

in various assessment laboratories and hands -on

experience with assistive devices. The training

included the following elements.

• Overview of assistive technology in

rehabilitation practice.

• Development of instructional course material.
• Review of a proposed syllabus and support

material.

One of the instructional sessions dealt with
locating assistive technology resources in  one's

local area. The goal of this training program was

to provide the rehabilitation educator with

resources and guidance for teaching a two -hour

instructional unit on rehabilitation technology

service delivery.

Methods
Eleven rehabilitation educators were recruited

from the south - central area of the United States

representing the following ten universities:
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• Arkansas Tech University, Russellville,

Arkansas
• East Central University, Ada, Oklahoma

• New Mexico State University, Las Cruces,

New Mexico
• University of New Mexico, Albuquerque,

New Mexico
• Stephen F. Austin University, Nacogdoches,

Texas
• University of Texas - Southwestern, Medical

Center of Dallas, Dallas, Texas
• University of North Texas, Denton, Texas

• Southern University, Baton Rouge, Louisiana

• Louisiana State University, Allied Medical

Center, New Orleans, Louisiana

• Mississippi State University, Starkville,

Misssissippi

The training approach for the rehabilitation

educators was guided by directing the
instructional content towards the following

questions:

1. What is happening in rehabilitation

technology; what is the current state- of -the-

art in this field?
2. How do rehabilitation professionals locate

and use local resources to obtain assistive

technology services?

Each faculty member from the represented
universities received an instructional manual

which included the following components:

• An outline of instructional modules on four
areas of assistive technology service delivery -

Wheelchairs and seating, Augmentative
communication, Independent living devices,

and Adaptive driving and personal

transportation.

A prepared narrative of five to six pages,

suitable for in -class lecture, which discusses

definitions of key terminology, describes

examples of assistive devices, and

recommends procedures for gathering

assessment information to identify an

individual's need for assistive devices.

• A list of media resources on each topic to

include possible guest lecturers from local

hospitals and /or rehabilitation facilities.

• Recommended strategies for evaluating the

learning achieved by the students by use of

prepared test items.

Multiple- choice test items were developed for
each content area. These items were formatted
to ask for recognition of correct definitions, recall

of technical and clinical terms and fill- in -the-
blank "stems" No empirical validation of the
items was anticipated or planned. Each

rehabilitation educator was to determine the
appropriateness of the test items for his /her

particular situation.

In this seminar, a significant amount of time was
committed to actual experience with assistive

devices in various assessment laboratories.

• A simulated model apartment which displays
various adaptive devices for eating, food

preparation, dressing, bathing, grooming, and

environmental control.

• Seating and positioning laboratory in which

staff conduct assessments for manual and
powered mobility and corrective postural

seating systems.
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• Adaptive driving laboratory for the

assessment of the physical and cognitive
attributes of driving a personal vehicle.

• Laboratory for the assessement and
prescription of augmentative communication

devices.

• Assistive Devices Information Services
(ADIS) laboratory for storage and retrieval

of information about rehabilitation

technology.

Results

This training program and syllabus attempted to

provide rehabilitation educators with the

resources and knowledge to meet the needs of
their rehabilitation counselor training programs.

Unsolicited follow -up from attending educators

included comments such as the following: "I

regard my participation in the seminar as an

excellent investment of my time. The print and
audio - visual materials provided for participants

will be very useful in the classroom. I have

already began to share the material with my

colleagues."

A telephone survey was conducted six months

following the on -site training. The survey results

indicate that 80% of the participants have used

the syllabus materials in teaching classes studying

rehabilitation service delivery. Of those who

have used the material, 88% reported the

material to be 'very useful." Those who had not

used the material planned to teach a section in
which they will use the syllabus in the fall

semester, 1992.

If this training is carried forward as planned, it is

expected that counselors -in- training who receive

this instruction will be better able to address the

assistive technology need of clients on their

caseload upon employment in a rehabilitation

setting.
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Exploring the Role of Consumers as Volunteers
in the Delivery of Assistive Technology Services

Anthony J. Langton, Vicky Smith, Thomas Poland and Ronald Parker
Center for Rehabilitation Technology Services

South Carolina Vocational Rehabilitation Department
West Columbia, South Carolina

ABSTRACT

Many gaps exist in our current service delivery systems.
Exploration of innovative methods for delivering assistive
technology services raised the possibility of the role volunteers
could have in a service delivery system. Consideration of what
role individuals with disabilities might perform as "consumer
volunteers" started as a result of discussions on the importance
of consumer involvement and the "empowerment" movement.
Findings indicate that volunteers are being utilized to provide
a significant portion of assistive technology services in many
programs. Utilizing consumers in volunteercapacities is being
done and represents one way to increase meaningful consumer
involvement. Although volunteers represent an attractive
alternative method of service delivery, there are many consid-
erations which should be investigated when considering any
type of volunteer program.

INTRODUCTION

Malty gaps exist in our current service delivery systems. The
need for access to information and other assistive technology
services continues to grow while the level of available re-
sources remains limited. Programs are increasingly forced to
seek delivery models which economize on costs and stretch
existing capabilities. Volunteers represent a potential way for
assistive technology programs to supplement available staff
and fill some of the gaps which exist in most service delivery
systems. This approach has particular promise for rural com-
munities and areas where technology resources and services
are undeveloped.

BACKGROUND

Volunteers have long made substantial contributions to the
services and effectiveness of diverse organizations. Through-
out our history, volunteers have been active in hospitals,
schools and in the community. Volunteerism is an essential
component in contemporary society and a very necessary part
of many social programs. Hospitals in particular have grown
to depend on volunteers to offer services and extend that "extra
effort' to meet the needs of patients and their families.

Limited resources exist to assist consumers in getting through
the service delivery process or to suggest where to go to receive
appropriate assistive technology. The idea of people with
disabilities serving as volunteers in providing assistive tech-
nology services and related services to other people with
disabilities is a relatively new concept. A few known programs
were mentioned although little documentation on their success
and failures exist.

Exploration of innovative methods for delivering assistive
technology services raised the possibility of the role volunteers
could have in a service delivery system. Volunteers represent
a powerful force. Groups such as the Telephone Pioneers of
America and Volunteers in Medical Engineering (VME) have

11.6

established reputations as valuable resources for technology
related assistance. Preliminary research, however, suggested
that volunteers as a group were an under - utilized resource in
the area of assistive technology.

Consideration of what role individuals with disabilities might
perform as "consumer volunteers" started as a result of discus-
sions on the importance of consumer involvement and the
"empowerment" movement. South Carolina is a state which
traditionally has not had significant levels of consumer in-
volvement or self advocacy. Despite this historical trend, a
number of individuals with disabilities have expressed strong
interest in becoming involved in volunteer capacities.

Questions to be addressed

1. What role do volunteers play in the delivery of assistive
technology services ?

2. What type of technology related services do volunteers
assist in providing ?

3. Are consumers being used as volunteers in assistive tech-
nology service delivery ?

4. What similarities or differences exist in the utilization of
consumer volunteers ?

METHOD

The survey was mailed to 481 programs throughout the United
States known to serve individuals with disabilities. Consumer
advocacy organizations, National Easter Seal and United Cere-
bral Palsy Association affiliates, state programs funded under the
Technology Related Assistance Act and rehabilitation engineer-
ing programs participated in the survey. These programs were
randomly selected based on knowledge that they were thoughtto
provide assistive technology and related services. It was not
known whether these programs had volunteer service compo-
nents.

SURVEY FINDINGS AND ANALYSIS

Of the481 surveys distributed, a total of 124 programs returned
the questionnaire (25%). A breakdown was made by three
geographic areas: South Carolina, the Southeast region (RSA
Region IV), and The Nation. A comparison was also made of
the states which had been awarded Technology Related Assis-
tance Grants in 1989 and 1990. Of the 22 surveys sent, 10
responses were received.

Surprisingly, all 124 programs (100%) indicated that they did
utilize volunteers in some aspect of their services. Further
analysis showed that 79 programs and agencies (65%) actually
used volunteers in technology related services.

Analysis was completed on the types of services provided and
what role, if any, volunteers had in these specific services. Figure
1. shows the services provided and the level of volunteer involve -
ment reported.
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Figure 1. Role of Volunteers in the
Delivery of Assistive Technology Services

In reviewing the roles of volunteers, several patterns consistently
surfaced. Information, advocacy, referral and training (client/
care giver) were services where use of volunteers was consis-
tently highest among all breakdowns. Analysis of the types of
volunteers used (Figu re 2.) showed Professionals, Any interested
person, Consumers and Retired persons as being most utilized.

National
Southeast

States
Tech Act
States

South
Carolina

Consumers 54 43 100 47

Professionals 60 57 1 100 58

Parents 51 40 85 26

Students (H.S.) 29 37 0 37

Students (Coll.) 48 47 43 42

Any Interested
Persons 67 73 71 63

Retired
Persons 61 73 14 79

Other 10 7 14 5

Figure 2. Types of Volunteers Used

Surprisingly, in response to the question,' Do you require a
particular background or qualifications for volunteers ?" Only a
small percentage (26 —35 %) required specific qualifications. An
exception to this was the Tech Act projects where 71% reported
specific requirements. These programs were found to also have
the highest level of consumer volunteers.

Other responses on "types of volunteers" made reference to
Telephone Pioneers, Volunteers in Medical Engineering,

Junior League, use of mentally handicapped individuals,
military, National Labor Engineers, non - disabled volunteers
from social/recreation and court ordered service.

Consumer Volunteers

Varying levels of use of consumers as volunteers were found.
Figure 3. indicates the approximate level of consumer volun-
teer use in the reporting groups.

100%

47% € `

0 National

Southeast States
(Region IV)

States wifech
Act Projects

El South Carolina

Figure 3. Use of Consumers as Volunteers

The level of consumer volunteer activity in the Southeast
appears to be significantly lower than in the National sample.
No specific reasons were indicated to explain this variation.
Development of consumer volunteer activity in the Southeast
may be helpful in increasing the overall level of advocacy and
consumer activity.

Comparison of consumer volunteers with the total group of
volunteers showed similar levels of utilization (see Figure4.).
As with all volunteers, consumers were primarily used to
provide information, advocacy, referral and training (client/
care giver).
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Figure 4. Comparison of Consumer Volunteers
with all Types of Volunteers
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Use of volunteers in providing services otherwise not available
and reducing service delivery cost were consistently ranked as
primary benefits. Figure S. shows reported benefits for all
groups.

Southeast Tech Act South
National States States Carolina

Provide
Services
Otherwise Not
Available 64 57 1 57 68

Reduce
Service
Delivery Costs 64 67 43 63

Serve People
Otherwise Not
Served 43 47 57 58

Provide More
Timely
Services 46 47 43 37

Other 20 23 1 29 21

Figure 5. Primary Benefits of Using Volunteers

DISCUSSION

Many important issues remain to be resolved. Volunteers are
being utilized to provide a significant portion of services in
many programs and agencies. The exact type of assistive
technology services which can be effectively provided by
volunteers requires additional investigation. Issues raised
which also require further research are liability and quality
assurance concerns.

Although volunteers represent an attractive alternative method
of service delivery, there are costs associated with operating an
effective volunteer program. The following observations were
also noted in reviewing the survey responses:

A Most programs responding provide some training for
volunteers.

A With the exception of Tech Act programs, most do not
reimburse volunteers for expenses

A Travel considerations and other mobility restrictions may
be limiting factors for consumer volunteers

♦ Significantly fewer retired persons (14%) were used as
volunteers in Tech Act programs

A Coordinators (paid staff) were identified as being very
important to successful volunteer programs

A Limited funds were cited as primary reasons for many
programs to consider use of volunteers

Concerns for liability were noted with recommendations
made to consider obtaining insurance coverage

SUMMARY

In comparing volunteers to consumer volunteers, few differ-
ences surfaced in the service areas in which they're used. One
area of difference occurs in the area of qualifications. Con-
sumer volunteers were expected to know or have experience
with assistive technology.

Consumers are being used in a full range of capacities related
to assistive technology services. Information and referral and
advocacy activities were noted as primary areas. Limited
involvement was noted in design and fabrication and other
more technical activities. It is felt that consumers are capable
of playing key roles in these capacities as well, particularly the
design area. It was surprising to note that funding assistive
technology ranked as a less frequently used role for volun-
teers.

Volunteers are being utilized toprovide a significant portion of
assistive technology services in many programs. Utilizing
consumers in volunteer capacities is being done and represents
one way to increase meaningful consumer involvement.
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11 •7 Acceptance of Rehabilitation Engineering
A Survey of Healthcare Administrators

Lydia S. Gaster and James C. Gaster
Center for Rehabilitation Technology Services

Abstract Objective

There has been much speculation concerning the value of
assistive technology services to medically based rehabilitation
programs. However, the lack of widespread support from ad-
ministrators of rehabilitation hospitals continues to be a deter-
rent to the acceptance of assistive technology as a separate,
viable service. This paper attempts to examine the current
attitudes and policies of these administrators by presenting
results of a recent survey related to this issue. A discussion of
the results in terms of future research and planning needs is
provided.

Background

During the past decade, there has been an explosion in the
developmentof medically based rehabilitation programs. Many
large medical systems have expanded services to include reha-
bilitation programs as an effort to increase profit and compete
for commercial insurance dollars. There have also been many
entrepreneurs venturing into the field of rehabilitation. Some of
these programs offer limited, specialized services but most have
ventured into comprehensive rehabilitation services.

A comprehensive rehabilitation program is defined as a pro-
gram of coordinated and integrated services which include
evaluation and treatment and emphasizes education and train -
ingof those served and their families. The program is applicable
to those individuals who have severe disabling impairments of
recent progression, those being readmitted, or persons who
have not had prior exposure to rehabilitation (CARF, 1991).
There may be many smaller specialized services or programs
within these comprehensive programs. However, the majority
do not offer assistive technology as a separate specialized
service. One statistic that points to this fact is the low number of
rehabilitation engineers working in medical based programs. In
a recent survey of the members of RESNA's rehabilitation
engineering professional specialty group, only 26 of the 184
respondents indicated that they work in a hospital setting
(Trachtman, 1990).

The reasons for the lack of availability of rehabilitation engi-
neering services are numerous and complex. One large under-
lying factor relates to the financial pressures placed upon
administrators to provide intensive rehabilitation services in a
cost effective environment. It has been speculated that many
administrators are fearful that rehabilitation engineering ser-
vices will add to operating costs and, at best, will result in
uncollectible revenue (Laenger, 1987).

In order for the field of assistive technology to adequately
address these issues, the attitudes and perceptions of rehabilita-
tion hospital administrators must be clearly understood. This
project has attempted to document current thinking concerning
some of these critical issues through a nationwide survey of
administrators.

The survey was specifically developed toextract administrator's
views concerning cost/benefit issues related to the provision of
these services within their own facilities. The survey instru-
ment was designed to document attitudes of administrators
currently employing rehabilitation engineers as well as those
who do not. The data gathered is to be used as a springboard to
facilitate further research and development related to this press-
ing service delivery issue.

Method

A mail survey was initi ated in 49 states. The targeted population
was selected by choosing CARF accredited rehabilitation pro-
grams designated as comprehensive inpatient rehabilitation
programs, spinal cord injury programs, or brain injury pro-
grams. Since many of these facilities held accreditation under
two or more of these designations, cross referencing was done
to eliminate duplication. A decision was made to survey all
programs rather than using a random sampling technique. The
total number of programs surveyed was 407.

The survey packet contained a cover letter, a page defining
assistive technology and rehabilitation engineering, a sheet
requesting background information about the program, and a
survey form. The survey instrument contained two major
sections. The first section was composed of questions requiring
respondents to rank items from the most important to the least
important as they impact upon decision making. The second
section contained Likert —type items constructed to obtainopin-
ions on the possible impact rehabilitation engineering services
would make on critical business issues such as payor mix.

Results

A total of 159 surveys were returned, 5 of which were elimi-
nated from the analysis because they were incomplete. Of the
154 surveys analyzed, 26 were from programs employing
rehabilitation engineers. The respondents represent medically
based rehabilitation programs from 41 states.

Questions 1 and 2 required respondents to rank in order from
most important (1) to least important (4), factors that influence
purchase of high tech aids or devices for the facility (Question
1) and employment of a rehabilitation engineer (Question 2).
Weighted averages were used to depict an overall ranking. The
respondents as a whole indicated that the ability to enhance the
functional outcome of existing chargeable activities was the
most important reason for purchasing equipment and employ-
ing rehabilitation engineers. However after separating respon-
dents.into two groups, those with rehabilitation engineers and
those without, the second group indicated that employment of
a rehabilitation engineer would be influenced by his or her
ability to generate additional revenue. (See Figure 1)
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Question 2

Items that were ranked
from most important (1)

least important (4)

No
Engineer I Engineer

Ability to gcrtcrate additional
chargable activitieskevenue 3 1

Enha= functional outcome of
existing chargable activities 1 3

Market new service to attract
'Z 2commercial payors

Physician suppon 4 4

Figure 1

Question 3 required respondents to indicate to what extent the
revenue produced by a rehabilitation engineering program
offsets or would offset associated operating expenses. Respon-
dents were asked to indicate on a I to 5 scale, l being loss, 3 the
break even point, and 5 indicating profit_ There were little to no
differences between the responses of programs employing
rehabilitation engineers versus those not employing engineers.
Among all respondents, 38%, indicated they felt there would be
some loss, 40% indicated break even, and only 20% felt there
would be some amount of profit.

507.

407.

307.

209.

107.

OR

Profitability
Question 3

i

I Loss 2 3 Break Evan 4 5 Profit

= TOTAL RESPONSES ® ENGINEERS = NO ENGINEERS

Figure 2

Questions 4 through 8 asked respondents to indicate the amount
of impact they felt rehabilitation engineering services would
have on various factors such as competitiveness (Question 4),
functional outcome data (Question 5), length of stay (Question
4), speed of discharge placement (Question 7), and negotiation
of higher per diem rates (Question 8). Respondents were
required to indicate their opinion by choosing a point on a 1 to
5 scale, 1 indicating no impact, 3 indicating moderate impact,
and 5 significant impact.

When separating respondents into the two previously mentioned
groups, little differencewas noted in administrators opinions. One
exception relates to the issue of competitiveness. Of the admin-
istrators employing rehab engineers, 37% felt this service made a
significant difference in their ability to compete with other rehab
service providers in their region. Only 8% of administrators not
employing rehabilitation engineers predicted that it would make
a significant impact.

Impact on Competition
Question 4

50%

40%

30%

lox

10%

ox
I None 2 3 Moderate 4 5 Significant

TOTAL RESPONSES IM ENGINEERS O NO ENGINEERS

Figure 3

When looking at the respondents as a whole, another important
trend was noted. Among all respondents, 59% felt that rehabili-
tation engineering services would make little to no impact on a
program's ability to negotiate higher per diem rates for commer-
cially insured patients (Figure 4). This is somewhat surprising
considering the fact that many rehabilitation hospitals and outpa-
tient programs are now carefully predicting the scope of services
a patient will need before accepting him or her into their program.
This information is then provided to case managers as an estimate
on which to negotiate daily reimbursement rates for patient care.

Impact on Per Diem
Question 8

50%

407
. .... ._.. __ ............. _

30% / _...

207. ... ....... .... .__. .

107. ' .... .. _

0%
1 None 2 3 Moderate 4 5 Signir icant

= TOTAL RESPONSES M ENGINEERS = NO ENGINEERS

Figure 4

Possibly the most informative data gathered through the survey
was the additional comments written by the respondents. Many
respondents indicated on the background data sheet that ser-
vices such as specialized seating, mobility, environmental
control, augmentative communication, and worksite modifica-
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Lions were being provided through existing therapy staff. An-
other comment that appeared on many surveys was that insurers
and third party payers are not interested in the depth of services
provided to patients, rather they are concerned with cost con -
tairtment.

Implications

Several conclusions may be drawn from the information ob-
tained in this study. First of all, assistive technology profession-
als must creatively demonstrate the ability to generate sufficient
revenue. Since rehabilitation engineering services are not
recognized by prospective payment systems, the professionals
providing these services must seek innovative avenues of fund-
ing. The days are over when administrators can be convinced to
pioneer new services where cost effectiveness is questionable.
If assistive technology professionals are to be given a chance in
the healthcare arena, they must approach it through strategic
planning. A keen understanding of the healthcare business is
equally as important as maintaining good clinical skills.

In reviewing the literature related to assistive technology and
rehabilitation engineering, there continues to be very little hard
data to substantiate or refute the views of administrators.
Studies are needed that track and document revenue and costs
within existing programs. A comprehensive look at present and
future trends within the insurance industry should be made.
Although the majority of respondents in the survey felt that
offering rehabilitation engineering services would not increase
per diems, there is no documentation available to back up this
claim. Therefore assistive technology professionals should
utilize this strategy where appropriate and document the results.

One important point should be stressed. Assistive technology
professionals have the opportunity to take advantage of the
competitive natureof thehealthcare industry. Thismayprovide
the only door in which to enter and establish a much needed
service. However, the survival and future of that service will
depend on the ability of the profession to creatively demonstrate
how assistive technology can be integrated into health care.
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Applied Study: A Model for Interdisciplinary Graduate Student
Education and Design of Assistive Devices

James A. Lenker and Nigel Shapcott
Center for Therapeutic Applications of Technology

University at Buffalo
Buffalo, NY

ABSTRACT

The Applied Study Project is developing and
implementing a model that:

1. Supports graduate and professional education in
assistive technology;
2. Augments assistive technology service delivery by
increasing the production of assistive devices for specific
individual needs.

Applied Study is an interdisciplinary project that
involves graduate students and faculty representing the
Departments of Occupational Therapy, Physical
Therapy, Rehabilitation Nursing, Architecture and
Design, Rehabilitation Counseling, Communicative
Disorders and Sciences, and Engineering.

BACKGROUND

Growth and development of the rehabilitation
technology field relies on the expertise of a number of
disciplines, including occupational and physical
therapy, engineering, medicine, rehabilitation
counseling, speech- language pathology, special
education, and architecture. To quote Vroman, Croce et
al. [8], "If the consumer is to receive maximal benefit
from the various aspects of rehabilitation technology,
those aspects must be effective and, more importantly,
coordinated."

There have been a number of transdisciplinary models of
coordinated rehabilitation technology service delivery
that have been reported in recent literature [t, 3 -81. The
individual models have included various combinations
of the following general objectives:

1. Graduate education and /or professional training in
rehabilitation technology service delivery.

2. Production of custom assistive devices for individuals
whose needs are not met by available products or funding
sources.

Research and development of new devices that have
marketable potential.

4. Information dissemination for the purpose of model
replication.

The settings and disciplines involved in each project
have been varied and include:

- university -based service delivery: undergraduate
industrial and biomedical engineering students with
clinical supervision from occupational therapists,
physicians, psychologists, and technicians supervising
[1];
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- hospital -based training and service delivery:
biomedical engineer, speech pathologist, occupational
therapist, occupational therapy assistant [31;
- university-based training: graduate and professional
training for engineers, rehabilitation counselors,
therapists and educators [41;
- university-based training and service delivery:
graduate training for engineers and rehabilitation
counselors [5];
- university -based training and service delivery:
undergraduate bioengineering and special education 161;
- university -based training and service delivery:
engineers and special educators [71;
- university-based training and service delivery:
electrical engineer, occupational therapist,
physiologist, and biomechanist [8].

The Applied Study Project, which began in September
1990, is developing and implementing a model that
supports graduate and professional education in
assistive technology, and augments assistive technology
service delivery by increasing the production of
assistive devices for specific individual needs. It is an
interdisciplinary project involving graduate students
and faculty representing the Departments of
Occupational Therapy, Phys ical Therapy,
Rehabilitation Nursing, Architecture and Design,
Rehabilitation Counseling, Communicative Disorders
and Sciences, and Engineering.

OBJECTIVES

The goal of the Applied Study project is to develop and
implement a model to increase the availability of
assistive devices through a process that includes
graduate and professional education. These broad goals
are being attained by addressing five specific objectives:

1. Identification of persons in need of assistive devices.

2. Development of a system for producing assistive
devices through the project seminar.

3. Organization of resources to produce assistive devices.

4. Transdisciplinary graduate education in assistive
device design and service delivery.

5. Model dissemination.

METHODS

Similar to [3],[5],and [6], the Applied Study model
utilizes four educational modalities:

1. Traditional classroom
2. Faculty mentorship
3. Collaboration between graduate students
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4. Independent investigation and development

Student involvement in Applied Study includes a three
credit -hour assistive technology course, a one credit -
hour seminar that meets bi- weekly, and a 20 hour per
week research assistantship. Several of the faculty
collaborate to teach the assistive technology course, and
all participate in the bi- weekly seminars and
individual s tudent advisement.

The assistive device development component of Applied
Study is accomplished through the bi- weekly seminar
and the students' 20 hour per week research
assistantship. Initia l referrals documenting individual
need are submitted to the project faculty, who meet and
prioritize the referrals. Faculty present selected
projects to the graduate students during the bi- weekly
seminar and make project assignments based on student
expertise and interest.

Teams of 2 -3 faculty function as project mentors, and all
faculty and students share suggestions and problems
encountered during the bi- weekly seminars. The projects
have five reporting milestones, including initial oral,
initial  written, intermediate  oral, intermediate
written, and final oral. These steps help project leaders
establish a systematic approach to assessment, problem
definition, solution formulation, fabrication and follow -
up. Technical fabrication expertise is available from
three mechanical shop technicians, two electronics
technicians, and one electronics engineer.

RESULTS

After fifteen months there have been 8 devices designed
and fabricated for use by individuals with disabilities,
5 off -the -shelf devices have been recommended and
purchased for clients, and 4 devices have been made for
general clinical application. Three of the devices have
potential for commercial development or widespread
clinical application: a portable vacuum pump for
extended trial assessment of "bead" seating systems, a
power wheelchair simulator, and a bar code -
programmable microwave oven.

Students have been encouraged to use their projects as a
basis for their graduate theses; so far four have done or
will be doing their thesis on their Applied Study
project.

As one would expect, though, there have been several
kinks in the model.

1. Initially, s tudents had limited knowledge of the
expertise that could be contributed by students and
faculty from other disciplines. This is similar to the
findings of Clipson [21, who was directing an
interdisciplinary group of faculty and graduate students
from business, product design, graphic design,
architecture and engineering. A multi-day student
orientation was given at the beginning of Year 2 to
allevia te  this problem.

ended nature of their assignments. This seems to reflect
the lack of experience that the students have in
independent project management. As phrased by Clipson
[21, "Much of educational experience is not experimental,
but involves being told what to do and when to do it." It
makes sense that students, even at the graduate level,
would have difficulty making the transition to a project
whose expected outcome is a tangible, functional, user -
appropriate device. To address this issue, 2 -3 faculty
mentors were assigned to each student project. It is
anticipated that the students will feel more "directed"
because of the individualized faculty attention outside
of the bi- weekly seminar. It should also help increase
faculty awareness of the subtler issues in each project.

3. Some students experienced "down time" on their
projects and were idle while waiting for product
literature, parts, or other essential information.
Initially there was no mechanism for keeping them busy
during idle periods. After faculty discussion it was
decided that students who were "on hold" would be
temporarily directed to assist with another project.
This solution also provided greater opportunity for
student collaboration.

4. The most critical phase of any rehabilitation
technology project is during initial assessment and
problem definition. Given the number of project
participants and the diversity of their schedules, it was
extremely difficult for more than two persons to
participate in any given initial on -site assessment.
Without having seen the client and his or her
environment firsthand, it was harder for faculty and
students to contribute meaningfulsuggestions to the
project leaders during the bi- weekly seminars. Several
students secured proper client consent and videotaped
their assessments. The visual information provided by
the tapes was extremely valuable. It enabled all
participants to feel as if they were a part of the
assessment process, and it improved the quality of
suggestions that the participants were able to provide.

5. Group problem - solving and brainstorming occurs
during the bi- weekly seminar sessions. These were
initially scheduled to occur for one hour every week, but
it was soon apparent that there wasn't enough time to
discuss all projects thoroughly. Beginning in the second
semester of Year 1, the seminar began meeting for two
hours every other week. This was a much more relaxed
and effective format because it allowed ample time for
project discussion.

6. The process of sharing their expertise with one
another has not come easily for the graduate students
(Predictably, this hasn't been a problem for
participating faculty!). During the bi- weekly seminars,
some students were understandably hesitant to express
their ideas in front of all eight project faculty members.
An inherent mechanism is needed to encourage greater
student collaboration on assigned projects, but this is a
difficult personnel management task for two reasons:

i. All students need a primary project for which they
2. Some students had difficulty getting started on their are the project leader.
projects and seemed to flounder because of the open -
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ii. Project leaders require collaboration with others for
only limited periods of time during their projects. For
example, an engineer might need the consult of a
rehabilitation counselor and a therapist for the
assessment and problem definition phase of the project,
require an architect's assistance during the design and
fabrication phase, and then require a therapist's
assistance for fitting and follow -up. These time - limited
windows of need are very difficult to coordinate if the
required "expert" is buried in the responsibilities of his
or her own project.

DISCUSSION

The Applied Study project touches on a number of facets
of rehabilitation technology: service delivery, basic
research, product development, and professional
tra ining.

Pertaining to device research and development, the
transdisciplinary team model implies that service
delivery is improved through better communication and
coordination between contributing disciplines. The team
approach is essential for addressing the complexity of
needs presented by most of the projects. The Applied
Study group is producing excellent product results, and
this is due to the quality of the personnel and the
diversity of their collective experiences.
The contributions of the rehabilitation counseling
student and faculty member have been invaluable for
proper consideration of user - acceptance issues

In terms of education and training, the key to students
learning more about fields outside their own lies in
working on real problems with experts from other fields.
One of the strengths of the Applied Study model is the
ability of the  participating faculty to demonstrate that
the experiences of a specific project are generalizable to
situations that might be encountered in future practice.
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ABSTRACT
The  purp ose  o f  t his  p i lo t s tudy was  to  d e te rmine
how wheelchair biomechanics  change  with f at igue
to identi fy potential injury- causing  charac teristics.
Eleven non - athletic sp inal cord injured (SCI) male
sub jec ts were videotaped during propuls ion to
fatigue on a stat ionary, instrumented whee lchair
pos it ioned on a roller. Handrim force and cyc le
times (contac t and recovery) were  also recorded.
Videotaped movements were analyzed using a
computerized three - dimensional motion analys is
system. With f at igue , shoulder f lexion decreased
and  trunk incl inat ion range  inc reased s ignif icantly.
Minimal changes were seen in mean shoulder
abduc tion, elbow and  wris t ranges . Handrim f o rce
increased by 3% and contac t time decreased
sl ightly with fatigue. The kinematic and kinetic
changes with fatigue were variable among
sub jec ts indicating that some ind ividuals may be
more prone  to musculoske letal injury. There fore,
these biomechanical techniques may be applied
clinical ly to improving propuls ion techniques,
wheelchair design /prescription, and the rapeutic
intervention to dec rease  orthopedic  r isks.

INTRODUCTION

Chronic health problems due to long -term use of
manual whee lchairs signif icantly impair the
independence  of  wheelchair- dependent spinal co rd
injured  (SCI) individuals. A lthough many o f  these
health prob lems are musculoske letal injuries (i.e.,
carpal tunnel syndrome, elbow /shoulder tendonitis)
which have been documented in whee lchair
athletes (1), they are probably related to the
cons tant repe tit ive movements which occur with
everyday wheelchair propulsion (e.g., overuse
injuries). I t is also feasible that orthoped ic
prob lems can arise  f rom malalignment of  the limbs
which may occur with fat igue or inappropriate
whee lchair design /prescription, The use of
biomechanical techniques may provide better
unders tand ing of those fac to rs which relate to
wheelchair use r injuries.

The  f ew s tud ies  which have  inc luded  desc ript ions
of whee lchair propulsion biomechanics have
inc luded only those movements occurring in one
plane, neglecting  the three  - dimensional aspec ts of
the arm movements such as shoulder abduc tion
(2 ,3 ). In addition, most investigato rs have ut i lized
whee lchair athletes as subjects, and excluded
individuals from the general whee lchair user
populat ion . Although these  s tudies have  provided
important inf o rmation, there  is  a need  to s tudy the
three - dimensional aspects of wheelchair propulsion
in the  general SCI population.

The  purpose  o f this pi lo t study was  to app ly three  -
dimens ional kinematic  analys is , as  we l l as  kine tic
measurements to the investigation of wheelchair
propulsion biomechanics of non - athletic SCI
wheelchair users. In addition, we  s tudied  changes
in these variables that occur with fat iguing
whee lchair propulsion.

METHODS

Eleven male paraplegics with spinal cord lesions
between T5 and T11 part icipated in this pilot
investigation. Fol lowing info rmed consent
procedures, medical screening was performed to
eliminate those ind ividuals with contraind ications
to exercise. Phys ical characteristics were  ob tained
from each individual which included
anthropometric measurements, upper -body
isokinetic muscle streng th evaluation (KinCom,
Chattecx Corp., Chattanooga, TN), and
neuromuscular assessments.

A whee lchair ins trumented with s train gauges  f o r
measuring handrim force and duration of hand
cc tact (2) was positioned on rollers to enable
stat ionary propulsion. Figure 1 diag rammatically
illustrates the stat ionary wheelchair exercise
device. Exercise  intens ity was  varied  by chang ing
the  res istance  weight which appl ied f rict ional f orce

Figure 1. Diagrammatic il lus tration of  the special ly
instrumented whee lchair mounted  upon a rol le r fo r
stationary operat ion. The  intens ity o f exe rc ise  can
be  set by varying the resistance  weight to  alter the
braking fr ic tion applied to the flywhee l via the
nylon belt.
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to the roller via a nylon belt. Each subject
pe rfo rmed  two whee lchair ro lle r exe rcise tes ts on
separate days. The first was a continuous,
progressive intensity exercise test for
dete rmination of peak physio logic (i.e., metabolic
and card iopulmonary) responses. The second  was
a fatigue test consisting of propulsion for 6
minutes  at a load co rrespond ing  to the 50% peak
oxygen uptake 1V021 level fo r warm -up, fol lowed
by a step  increase in power output to  e l ic i t 75%
peak V02 level until volit ional fat igue was
achieved. Heart rate and V02 were monitored

continuous ly during each test using a metabolic
cart and radio telemetry ECG.

Movement was videotaped using a three -
dimensional motion analysis sys tem (Peak
Performance Technologies, Inc ., Englewood, COI.
Reflective markers placed on jo int cente rs o f  the
subjects' wris t, elbow, shoulder and hip. In
add it ion, a marker was  p laced upon the whee lchair
wheel to monitor ro tation angle. These marker
locations were computer digitized from the
videotape to  produce  kinematic data (Figure 2).

0 . 0 0 0 4. 5 7 5 9. 15o
Seco n0s

Figure 2. The stick f igure is recons tructed  f rom
ref lective  marker locations  on a sub jec t and shows
the movement of the upper extremity during
wheelchair propulsion. The abduction of the
shoulder, a movement which requires three -
dimens ional mo tion analysis, is shown in the  lower
graph.

Five handrim strokes for the right hand o f  each
subject were averaged for the firs t ("non -
fat igued") and final ( "fatigued ") cond it ions during
the fat igue exercise test. Handrim force was
monito red via computer at 2- minute intervals
during each test to provide kine tic and temporal
info rmation.

Statis tical analys is was performed using analysis
of  variance  with repeated measures (time  f actor).
A signif icance level of .05 was used for all
comparisons.

RESULTS AND DISCUSSION

Subjects were (R +SD) 35 .6  ±10 .9 years of age,
17 7 . 4+ 9 . 1 cm in he ight, 77 . 5+ 1 3 . 1 kg weight,
and 11 .2 ±7 .0 years  pos t SCI . All e leven subjects
comple ted  bo th exe rc ise  tes ts  demons trating that
protocols were appropriate for evaluating
phys iologic responses and fatigue characteristics
fo r wheelchair propulsion. Mean peak V02 was

found to be 1 .45  ±0 .42 L /min during the first
exercise tes t. Thus , the resistance we ight was
adjus ted to provide  wheelchair loading that el ic ited
V02 leve ls  o f  0 .72  ±0 .25 L /min and 1 .10  ±0 .33

L /min fo r 50% peak and  75% peak, respectively.

For the second exerc ise tes t,  mean joint ranges of
motion for the non - fatigued and fat igued
conditions are shown in Table 1. With fat igue,
maximum shoulde r f lexion decreased signif icantly
(by 25 %) and trunk inc linat ion (as  measured f rom
trunk extens ion) inc reased signif icantly (by 30  %).
Mino r fat igue changes were seen in shoulder
abduction 13% increase), elbow flexion /extension
(2% increase), wrist f lexion/ extension (5%
decrease) and radial /ulnar deviation 15% decrease).

TABLE 1 - Mean ± SO joint ang le  ranges (in
degrees) in the non- fatigued and fatigued
conditions  IN = 11)

JOINT ANGLE RANGES
(degrees)

JOI NT MOVEMENT Non - Fatigued Fatigued
Shoulder

flexion /extension 66 .0 + 5.5 67 .7 + 6 .3
Shoulder

abduc tion 20 .0 + 5.2 20 .8 + 4.9
Elbow

flexion /extension 58 .2 + 9.9 59 .4 + 10 .2
Wrist

f lexion /extension 41 .0 + 9.0 38 .7 + 8 .0
Ulnar /radial

deviat ion 72 .4 + 13 .1 68 .4 + 10 .1
Trunk

inc linat ion* 7 .8  +3 .6 12 .4  +6 .8

. P < .
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Figure  3. Maximum shoulde r abduc tion measurements ( in degrees) fo r 11 SCI males in the non - fatigued

and fatigued  conditions.

Marked  variab il i ty in kinematic  data was  evident in
individual fat igue  patte rns . As  an example  o f this
variab i li ty, Figure  3  shows the  shoulde r abduction
measurements fo r each subject during the non -
fatigued and fatigued condit ions. Maximum
shoulde r abduc tion increased  with f at igue  fo r f ive
sub jects, and decreased fo r six subjects. The
reason(s) fo r this variab ili ty seen with fatigue is
currently unc lear. I t  is  conce ivab le  that this  may
be due in part to dif ferences in physical
charac te rist ics since they all propelled the same
whee lchair fo r tes ting . This  variabi li ty may also  be
related  to individual di f f erences  in propuls ion style,
as  wel l as any imbalances in musc le  streng th. The
magnitude of shoulder abduc tion evident in the
analys is highl ights the importance of uti lizing
three - dimensional analysis.

Fatigue also resulted in sl ight kine t ic changes as
evidenced by the 3% increase in mean handrim
fo rce f rom 107 .7  ±6 .4 to 110 .5  ±8 .3 N.
Temporal changes were  also  minimal as  shown by
the similar non - fatigued and fat igued mean
handrim stroke cycle times (129 .3  ±8 .3 vs
124 .9  ±5 .7 msec), durat ion of contac t times
1 9 l . 2 + 7 . 4 vs 87 .8 -+4 .0 msec) and recovery
times (38.1 ± 7.4 vs  37.1 ± 5.2 msec ).

None of the non - fatigued /fatigued comparisons
were stat is tically signif icant. This lack of
stat ist ical signif icance is probably caused by the
small sample size used fo r this pilot study and
marked variab il ity among sub jec ts . The  varie ty o f
angular and force changes seen may ind icate
individual ized patterns  o f  f at igue  during  wheelchair
propuls ion.

Identif icat ion of kinematic and kine tic fac to rs
during wheelchair propulsion which change wi th
fat igue provides the necessary foundation for
op timizing  wheelchair f unc t ion and  saf ety. These
techniques may be clinically applied to improve
propulsion techniques, whee lchair
design /prescription, and therapeutic inte rvention.
This may dec rease the  risk of  orthoped ic injuries in
SCI wheelchair users and increase their
rehabi litation po tential.
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The Physiological Response to Repeated Surface Pressure Loads
in the Able Bodied and Spinal Cord Injured

R. Patterson, H. Cranmer, S. Fisher* and R. Engel*
University of Minnesota and Hennipen County Medical Center*

Minneapolis, MN

Ab strac t
Tbree cyclic pressure loads (10 min. "on and 5 min. "off ") of
30 mmHg or 75 mmHg were app lied  to the anterio r surfac e
of the tibia o n 11 able bod ied (AB) and 9 sp inal cord  injured
(SCI) subjects. Trans cutaneo us  P02 and P CO2 and  las er
doppler skin b lood flow, velocity and vo lume were rec orded.
At th e 30 mmHg load, the mean P 02 values  in the AB
subjects was 28.4 and 32.2 mmHg for the on and off periods
respectively, whereas for the SCI subjects the values were 8.1
(significantly different from AB group at P <.05) and 29.1
mmHg for the on and off periods respectively. At the 30
mmHg load the laser doppler relative volume values in the
AB subjects were 31.2 and 49.2 for the on and off periods
respectively whereas for the SCI subjects the values were
10.9 and 29.1 for the on and off periods respectively. The
results at  the of 75 mmHg load showed no significant
difference between the two groups but the means did reflect
less perfusion in the SCI group. In the 30 mmHg pressure
load range where autoregulation may occur, the SCI had
significantly less perfusion on the average compared to the
AB.

Introduction

The purpo se of this s tud y was add res s two questions . Does
the spinal cord injured (SCI) individual respond differently to
a pressure load  on the skin co mpared to the able bodied (AB)
and is the response to repeated skin pressure loadings
different than a single continuous load?

Bader(1) measured transc utaneous oxygen pressure (Tc PO2)

and carb on d io xide (rc PCO2)in a gro up o f "  d ebilitated "
subjec ts , which inc luded SCI, multip le sclerosis, and AB
subjec ts  d uring rep eated pres sure load s on the s ac rum and
is cb ial tubero sit ies.  His  res ults  indicated the Tc P 02 levels
during the load ing period increased in the AB subjec ts with
repeated  loads whereas with some of the debilitated subjects
the Tc P02 dec reas ed .  His  s tud y was  p erfo rmed on a small
group of subjects with a mixture of medical conditions.

The purp os e of this  stud y is  to  co mp are the c hanges  in
1 CP 0 2 ,  T c PCO2 and las er d o p p ler s kin blo o d  flo w in a
group of AB and SCI ind ividuals undergoing repeated
surface pressure loadings o f 30 and 75 mmHg on the anterior

tibial surface of each leg.

Methods and Materlats

The Tc P02, Tc PCO2, and power were meas ured using
Senso r Medics  Transcutaneo us Gas S ystem. The skin b lood
flow, volume and velocity were recorded with a TS1
Laserflo, model BPM -403,  in conjunctio n with a T S1 Pencil
Pro be, mod el P-435. The temperature o f eac h p ro b e was
maintained  at  40 o C .  T his  temp erature is  lo wer than the
no rmal c linic al 43 to  44 o C  range us ed  to rec o rd  arterial

1 2 . 2

P02. The higher temperature is  used to  maximally dilate the
arterial system in order to obtain values as near as possible to
arterial, In this study, we wish to measure tissue P02 and to
observe the effects of arterial dilation that may be caused by
the ischemia therefore a lower temperature was used. All
data were monitored and recorded using CODAS A/D
software and hardware on an IBM compatible computer.

A vertical load was applied to the flat ventral tibial surface of
each leg using a balanced beam with a moveable weight on
one end to counterbalance the indentor. Weights were added
to the top of the indentor to produce a pressure of either 30
mmHg or 75 mmHg at the surface of the skin. The tibial
surface was used because it simulated an area that could
develop pressure sores, i.e., bony with little soft tissue mass.
The leg site was much more agreeable to the subjects as
compared to the less accessible ischial tuberosity area, and it
would not irritate an otherwise vulnerable region with any
excess stresses.

Two 55 min. trials were conducted. For the rust trial a
pressure load of 30 mmHg was used and for the second trial
75 mmHg. For each trial, there was an initial warm -up
period of 10 minutes which adapted the skin to the
temperature of the sensor, then three cycles of sequential
loading "on" for 10 min. and unloading "off' for 5 min.

Continuous recording took place for the 15 seconds
preceding and the 45 seconds following the load transition.
The 'pre -load' values were measured ten minutes after the
sensors were positioned. The reported means were calculated
from the last 10 seconds of each experimental condition and
represent "steady- state" measurements.

Measurements were made with the subjects supine. The skin
was prepared by shaving an area of approximately 2.5 cm by
2.5 cm, located about 12 cm distal to the patella. To position
the leg with the flat tibial surface in the horizontal plane, the
legs were supported at the knee and ankle using rolled -up
towels. The sensors were attached to the skin using double -
sided adhesive rings.

Measurements were made on 11 AB healthy subjects, five of
whom were women, and 9 SCI subjects, all men. The SCI
subjects were paralyzed at T6 or above for at least one year
prior to the test, and all but two had no recent pressure sores.
Those with sores reported minor wounds, on the verge of
healing. The average ages of the SCI persons and AB
subjects were 27 and 34, respectively.
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Results

Two  s ets o f statist ic al analys is were performed  to determine
significant differenc es . The firs t c omp ariso n was  b etween
SCI subjects and  AB subjects at  each of the pressure settings.
The s ec o nd  c o mp ariso n was b etween the two loads  fo r AB
subjects and for SCI sub jec ts.  An ANOVA compared o verall
means  for eac h set at each interval for eac h parameter.

The means of' I' cP 02 at  30 mmHg load s ho wed  a s tat is tic ally
significant d ifferenc e (p < 0.05) during the "on" period
between AB (P02 =28.42 mmHg) and SCI subjects
(P O2 =8.10 mmHg) b ut no  s ignific ant d ifferent d uring the
"o ff '  t imes  ( AB P C)2= 32. 8 mmHg and  S CI P 0 2=  29 .1
mmHg) whic h is  s ho wn in fig. 1. During and  after the 75
mmHg lo ad shown in fig.  2,  the AB gro up  has an "on"  value
o f 7.6  mmHg  an d  a n "o f f '  va lue  o f  3 1.3  mmHg  wh ere as

under the s ame c ond it io ns  fo r the S CI the values  were 4.4
mmHg and 23.0 respectively. These values were not
statistically signific antly d ifferent. Compariso n o f the means
of Laser Dopp ler volume values sho wed significant
differenc es (p < 0.05) between the two sub ject groups at each
pres sure loading. Values for the Las er Dop pler measurements
have no  units  and  are rep o rted  as  relat ive numb ers .  At 30
mmHg, the average "o n" vo lume mea ns  fo r AB and  S CI
subjects were 31.2 and 10.9, respectively. The average "off'
means  were 49.2 and 29.2. At 75 mmHg,  the average "o n"
vo lume means for AB and  S CI sub jec ts  were 20.5 and 1.3,
res pec tively. The average "o ff'  vo lume means were 45.4 and
23.9 respectively. For mo st parameters , there was an upward
trend in the data after repeated loading cycles for both
sub ject  gro up s.

P02 Values at 75 mmHg
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Figure 3. Las er dop pler volume values  during repeated "on"
and "off '  30 nunHg pressure loads fo r AB and SCI s ubjects

Discussion

T he res ults  o f this s tud y s ugges t  that  in the 30
mmHg lo ad  region,  the S CI s ubjects  did  no t auto  regulate
and  have the s ame tis s ue p erfus io n c omp ared  to  the AB,
therefo re they had a significantly reduc ed tis sue P02. At 75
mmHg there was little d ifference between the AB and SCI in
the physiological res ponse because the pressure is near or at
the mean arterial pressure which causes a physical impedance
to flo w that can not b e overcome with vasod ilatation. These
res ults  agree with Bader( i) in that  the S CI gr o up  h ad  a
different res po nse co mpared  to  the AB gro up  altho ugh we
did not see the dec reas ing P02 values with repeated loadings
rep orted  by Bad er(1) in some o f his "debilitated" patient
group subjects. The res ults  o f this study sugges t on the
average the SCI pop ulation d oes not autoregulate to  increase
perfusion compared to the AB group.
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THE EF F EC T  OF  SA MP LIN G  F REQ UENC Y  ON  SEA T  C O N TO UR
REP ROD UC T IO N  F OR C A D/ C A M SEATING SYSTEMS

David M.  Brienza, Ph.D.
School of Health and Rehabilitation Science

Univ ers ity of Pittsburgh
Pittsburgh, Pennsylvania

Abstract

The effect of sampling frequency on the reproducibility
of seat contour data has been investigate. Buttock shape
information was sampled at frequencies that are typical
for CAD /CAM seat contour measurement systems. These
data  sets were used as  control points for cubic  spline
interpolation. The resulting contours are compared to the
original high resolution data and evaluated. The factors
considered in the evaluation are the interpolation method,
the alignment of the data with respect to the borders, and
the spatial sampling frequency. Sampling frequency is
determined to be the dominant factor effecting the fidelity
of the reproduced contour. Insuffic ient sampling
frequency results in the shifting or attenuation of contour
features.

Introduction

The primary purpose of this investigation is to examine
the relationship between the spatial sampling frequency
of seat and back contours and the ability to reproduce the
contours from the sampled data. Two other variables in
this  process --the type of interpolating spline and the
offset of the first sample with respect to the edge of the
contour —have been considered. The sampling frequency
is an important design specification for any seat or back
contour measurement system. Minimizing the number of
measurements will reduce the cost CAD/CAM
measurement systems and/or reduce the time required for
the measurement process. The results shown here should
ass is t  in the system des ign process or application
protocols for CAD /CAM seating systems.

Methods

The outline of an MRI image showing a cross section of
the buttocks of an able - bodied male was used as the ref-
erence data for the analysis. The portion of the image
representing the bottom 3 inches of the buttocks  was
sampled with a resolution of 0.1 inches in the horizontal
and vertical directions. The MRI image is shown in Fig.
1. The data was then smoothed using a weighted averag-
ing filter with an extent of 5 samples. The resulting data
set is plotted in Fig. 2. The curvature of the particular
contour is typical of seat and back contours of custom
seating systems used for positioning and posture control.
Pressure relief cushion contours would have less curva-
ture.
The high resolution data  was sampled along the hori-
zontal direction at sampling intervals of 0.5, 1.0, 1.5, and
2.0 inches. For each sampling frequency a group of five
data  subsets were  formed. The firs t set in each group
started with the first sample at the left edge of the high
resolution data —i.e., at the first sample. Each successive
set was offset by one fifth of the distance between the
samples . That is , for the  0.5 in. interval group, each
successive data set was offset 0.1 in. For the 1,0 interval
group, each successive data set was offset 0.2 in. and so
on.  Since each of these spacings are multiples of the
original data resolution, no interpolation was necessary
for this procedure.

The next step was to compute a cubic spline for each data
set. A cubic spline is a piecewise polynomial that is twice
continuously differentiable and in each interval between

12 . 3

sample points the function is described by a third order
polynomial [Ortega , 19811. These properties make the
cubic spline  an attractive  option for interpolation of
sampled data  of a  smooth curve.  The cubic  spline
technique can be extended for the interpolation of smooth
surfaces. This is typically accomplished by fitting cubic
splines along a rectangular grid of sample points and
deriving surface patches for each rectangular section from
the cubic polynomial boundary functions. The patches are
often bilinearly or bicubically blended Coon's patches
[Coon's, 1964, or Farin, 19881. For this investigation,
regularly spaced sample points along a planer curve are
considered. However, the results should be applicable to
any interpolation technique, two or three  dimensional,
with properties similar to those of the cubic spline.

& , t

y 0

N.4.!mm Edg ('md,)

Fig 2 - Smoothed original data

Figure 3 is an illustration of the difference between cubic,
quadratic and linear spline interpolation. In the figure,
small segments of the interpolation curves derived from
the first data set in the 1.5 inch sample frequency group
are shown. The original data is shown in the lower por-
tion the figure with the spline functions stacked above
offset from one another so that their shapes can be more
easily viewed. The samples of the original data are taken
at 9.0 and 10.5 inches from the edge of the contour. The
value of each spline is exact at these points. Comparing
the 2nd and 3rd order splines illustra tes the benefit of
having an interpolating spline function with continuous
2nd derivatives. The quadratic spline has  a noticeable
cusp at the first sample point caused by a discontinuous
2nd derivative at that point. The cubic spline has a smooth
transition through this point. The linear spline is more
easily computed, but would only be appropriate if the data
samples were already very closely spaced. The fourth or-
der spline takes on a slightly different shape than the cu-
bic spline but does not provide better results.

Results

To examine the effect of varying the sampling resolution,
each spline is compared to the original data. The
comparison is made qualita tively by comparing the
shapes of the splines and the original data and
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quantita tively by computing the maximum and
cumulative deviations. Table 1 shows the quantitative
measurements and Figs. 4 through 8 show the qualitative
information. In table l the maximum error is the  largest
difference between the value of the interpolating spline
and the  original high resolution data .  The data  was
padded with zeros on both sides so that each set of data
extended over the entire range of the contour. Also, the
derivatives of the interpolating splines were constrained
to zero at these points to reduce the ringing effect near the
boundaries .  The cumulative error is  the  sum of the
difference between the value of the interpolating spline
and the high resolution data sample at each of the sample
point multiplied by the distance between the samples.

Samale Poin

401 Order Spline

v 3rd Order Spline

I I (Cubic)

2nd Order Splinc

(Quadratic)solution
b 8 � tst Order Spline

(Linear)

Fig. 3 - Comparison of Interpolation Methods

The magnitude of the  maximum and cumulative error
terms varies substantially for the groups with sampling
frequencies greater than 0.5 in. This variation is a result
of how well the data samples are aligned with the most
prominent features of the contour. To compare the sam-
pling frequencies, the average values for these quantities
will be considered. In most practical measurement situa-
tions, the operators or systems do not have the luxury of
optimally aligning the data samples with the prominent
features of the shape being measured. Also, it is unlikely
that multiple features could be optimally sampled using a
regularly spaced sampling pattern. Figure 4 illustrates
how the first sample offset effects the accuracy of the re-
produced contour for the  2.0 in. sampling frequency
group. Each plot in the figure represents the difference
between the value of the interpolating spline and the high
resolution data sample. This quantity is shown for the 5
different offsets  ranging from 0 in, to 1.6 in. For this
sampling frequency, how closely a sample point comes to
the peak in the center of the contour has the most impact
on the accuracy of the reproduced contour. Here, the zero
offset data set places a point relatively near to this peak.

The maximum and cumulative error terms increased with
the sampling frequency. The largest increase in ave. cum.
error occurs between 1.0 and 1.5 samples  per inch. To
make a qualitative  comparison, the data  set with the
lowest cumulative error from each group has been plotted
along with the original data. These data sets are shown in
boldface type in table 1 and plotted in Figs. 5 through 8.
The 0.5 inch data did not show any significant error over
the entire range of the curve. The 1.0, 1.5, and 2.0 inch
data deviated from the original data at the edges and near

the cusp in the center. The overall effect of this error is a
shifting of the  center of contour.  This is s ignificant
because a feature similar to this in a seat surface will be
used as a reference by the user. Any shift of this reference
could have s ignificant effects on other features  of the
contour. An example of such a feature is a depression for
pressure relief that depends  on a  particular re la tive
location in the interface. The magnitude of the shift could
be up to 1R the sampling frequency.
Frequency Offset Max. Error Ave. Max. Cum. Erroj Ave. Cum,
Samplefin (in.) (in.) Error (in.) i n ? Error (in.2

0.0 0,11 0.17
0.1 0.11 0.15

0.5 0.2 0.07 0.09 0.13 0.14
0.3 0.07 0.12
0.4 0.10 0.15
0.0 0.31 0.72
0.2 0.32 0.60

1.0 0.4 0.22 0.33 0.48 0.61
0.6 0.35 0.54
0.8 0.47 0.71
0.0 0.47 1.08
0.3 0.39 1.02

1.5 0.6 0.53 0.45 1.36 ?'2
0.9 0.49 1.45
1.2 0.36 1.05
0.0 0.37 2.02
0.4 0.47 1.60

2.0 0.8 0.47 0.53 1.42 1.79
1.2 0.61 1.75
1.6 0.72 2.16

Table 1 - Quantitative comparison of sampling frequencies

Discussion
Since seat contours are formed in compliant materials,
there is some room for error in the CAD /CAM process.
However, the significance of the error is dependent on,
among other things, the intended use of the data, the tol-
erance of the manufacturing process and the accuracy of
the measurement system. It is likely that the accuracy of
the measurement and manufacturing systems will be bet-
ter than the error caused by less than perfect sampling of
the contour. The errors that cause the mos t significant
problems are a shifting of features of the contour and the
omission of features in the reproduction. In the results
presented, the cusp in the center of the curve was not
significantly attenuated until the sampling frequency ex-
ceeded 1.5 inches. A distinction must be made between
contours designed for pressure relief and those designed
for pos itioning and pos ture maintenance. Typically a
pressure relief contour would be shallower and have less
curvature than a positioning contour. As a result, a suit-
able sampling frequency could be lower. The data used
for this study, although of comparable depth, has curva-
ture that is greater than typical pressure relief seat con-
tours.
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12.4 Characterization and Development of a Resistive Sensor for Measuring
Cushion Interface Force

Rory Cooper, Colleen Ward, and James Ster III
Human Engineering Laboratory and Rehabilitation Engineering Program

Department of Biomedical Engineering
California State University Sacramento

ABSTRACT

Wheelchair cushion interface force has
been of interest to researchers and
clinicians. The ability to measure interface
force may assist in the development of
improved seating systems and their proper
application. An inexpensive conductive
polymer resistive force sensor was
characterized, and then modified to be
suitable for reliably measuring cushion
interface force. It was found that the
sensors behave nonlinearly, and are
influenced by the compliance of the contact
materi al . A simple method for
encapsulating the sensor was developed
to make it more repeatable.

Background

There are over 300,000 people in the United
States with spinal cord injuries, and this
number is growing by about 7,000 people per
year. Pressure sores are probably one of the
most prevalent medical compl ications
associated with spinal cord injury (Pope A.M.,
Tarlov A.R., 1991.). In developing countries,
pressure sores are one of the leading causes
of death among people with spinal cord
injuries. Proper education and assistive
technology can be effective in ameliorating
this situation.

Several devices have been developed to
measure cushion interface pressure
(Ferguson -Pell, 1990). Most of these devices
are used to measure static seating pressure.
This assumes that the a wheelchair is a static
device (which it is not), or that pressure
changes do not vary dramatically during the
day or during various activities (this is most
likely not the case). Devices for measuring
pressure can be useful in identifying localized
areas of high pressure. However, the skin
pressure is lower than the interior pressure
around bony prominences, where most ulcers
begin.

Two recent innovations have developed that
may dramatically improve cushion design and
prescription. The first is the development of
low cost, low profile dynamic force sensors

which can be arranged in an array to yield a
model of the pressure distribution on the
surface of the buttocks. The second is the
development of noninvasive techniques for
measuring the distribution and geometry of
tissue and to model tissue behavior under
various loads (e.g. finite element analysis).
The combination of  a sensor array and a
model of tissue behavior could lead to an
understanding of how cushions need to be
designed to prevent pressure sores.

Recently, conductive polymer sensors have
become commercially available which with
some modification may be suitable for
measuring cushion interface pressure
(Webster, 1989). This paper will focus on the
characterization of a conductive polymer
resistive force sensor (Interlink) and some
adaptations which may make it suitable for
measuring cushion interface pressure.

Statement of the Problem

Conductive polymer resistive force sensors
are inexpensive, light- weight, and small.
However, they are sensitive to how pressure is
applied, and their response is nonlinear. In
addition, they have been used in some
applications without knowledge of how they
operate. This may produce erroneous results.

Rationale

The development of a reasonably priced
normal force sensing mat or pressure sensing
pants may yield the external loading data
required for finite element or other models of
the internal distribution of pressure within the
buttocks. This could lead to improvements in
cushions and reductions in pressure sores.
However, the properties and limitations of
these sensors needs to be understood before
they are applied. The efficacy of the data is
dependent upon the quality of the sensor.

Design

A commercially available conductive polymer
resistive force sensor (Interlink) was analyzed,
characterized and then modified for use in
measuring cushion interface normal force.

Analysis$ The base conductive polymer
resistive force sensor consists of three main
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parts: 1) a round piece of mylar coated with a
circle of a conductive polymer ink, 2) a thin
metallic ring with an inside diameter slightly
larger than the diameter of the conductive
polymer, and 3) another round piece of mylar
with traces printed onto it in a pattern of
interlocking fingers (Figu re 1 ). The leads
come from the piece of mylar with the fingers
printed on it. Without any force upon the
sensor, the resistance is nearly infinite (the
fingers do not touch and the air gap prevents
conduction through the polymer ink). As
pressure is applied the conductive polymer ink
begins to touch the traces of the opposi te
mylar f ilm and the resistance between the
leads drops (the resistance of the polymer ink
remains constant). As more pressure is
applied the contact area increases  and the
resistance drops further. However, the contact
area depends upon where the pressure is
applied, there is greater contact with more
fingers in some areas than there is in other.
The range is typically between 12M ohms and
100 ohms. This range is large enough to be
measured by very simple circuitry.

Characterization : The resistances of five (1.5
inch square, .75 inch square, .25 inch square,
.5 inch circle, .375 inch circle) Interlink
pressure transducers were measured over a
range of 0 to 50 pounds. Force was applied
uniformly across the entire sensing surface
using an electronically controlled press and it
was measured using a force gage (AMETEK
AccuForce ll). The force on each transducer
produced  a resis tance wh ich was measured
using a digital multimeter (Tektronix CDM250).
At least three trials were run for each
transducer. Each trial started a zero and force
was slowly increased to 50 pounds. A
resistance reading was recorded for every
pound. The ensemble mean for each
transducer is plotted in Figure 2.
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Figure 1. Basic Conductive Polymer Force Sensor

Development
Based upon the results of testing, 1/2 inch
circular transducers were chosen for
modification. Two .0625 inch thick fiberglass
disks (thinner carbon fiber disks are being
developed) were placed on either side of the
transducer (Figure 3). The disk on the
polymer side was .375 inches in diameter
whereas the disk on the lead side was .5
inches in diameter. The disks were adhered to
the sensors with inert silicone sealer. The
conductor side layer of silicone sealer was
applied thinly and then held with a 5 pound
force to cure for 24 hours (this help to ensure a
thin layer of uniform thickness). The
conductive polymer side silicone layer was
applied more generously. The disk for this
side was placed on the silicone adhesive and
the transducer was placed in a jig which to set
the thickness of the silicone layer to .04 inches
(1 mm) and was allowed to cure for 24 hours.
The modified transducer was then tested
similarly to the basic transducers.

Evaluat ion

The results of testing the basic and modified
1/2 inch circular transducer are shown in
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Figure 2. Calibration Curves for Various Conductive Polymer Resistive Force Sensors
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Figure 4. Calibration Curves for Basic and Modified 12" Circle Conductive Polymer Resistive Force Sensors

Fi g ure  4 The modif ications to  the t d A c k no w l e d g e m e n t s
rans ucer

im proved the repeatabi l i ty of the
measurements and made it less sensitive to
the location of the force on the transducer.
This is because the disk and silicone layer
help to distribute point loads over the entire
sensing surface. The additional thickness from
the polymer side disk and silicone help to
alleviate the problems of erroneous readings
due to the air gap ring. The air gap ring
reduces the force seen by the sensor when in
contact with soft t issue or very stiff tissue
whose area extends over the ring. The sensor
retained its log log relationship after
modification (r = .894).
Di sc uss ion

Simple modifications to conductive polymer
resistive force transducers may make them
suitab le for measuring seating interface
normal force. The repeatability and reliability
can be improved. The non l i near
characteristics of the sensor can be overcome
by using logarithmic regression or a look -up
table. Materials suitable for thinner disks need
to be investigated further. The modified
transducers need to be integrated into a
flexible array (e.g. lycra pants) and tested
further. However, this line of research appears
to show promise for assisting with cushion
design and evaluation.

This project was partially supported by
Rehabilitation Services Administration, U.S.
Department of Education under Award No.
H129E00005, and from a Research Assigned
Time Grant from California State University,
Sacramento.
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Pressure Dis tribut iun on Custom Contoured Wheelchair Cushions Util izing the  Electronic Shape Sensor

Anita Perr,  OTR /L , Andrew Lincoln, MS, Thomas McGovern, MS
REquest Rehabilitation Engineering Center

National Rehabil itat ion Hospital
Washington, DC USA

Abs tract

A pressure dis tr ibution study of cus tom contoured
wheelchair cushions was performed as part of an
ongoing clinical Beta site evaluation of the  University of
Virginia (UVA) -REC CAD /CAM Seating Assessment
System. The purpose of the evaluation was to
examine  the overall  f eas ib i l ity o f  the  sys tem and  the
effectiveness of the Custom Contoured Cushion (CCC).
During the evaluation, many clinical factors were
recorded and analyzed. This paper reports on only one
aspect of cushion effectiveness: pressure management.
Interf ace  pressures of the  seat were measured  at f ive
anatomical locations  on subjec ts' o riginal cushions and
the CCC that was provided by the seating system.
Results suggest that there was a redistr ibution of
pressure on the CCC.

Introduction

High pressures on seat;np surfaces over time can
decrease local blood f low and cause tissue necrosis
resulting in pressure sores.' Theoreticr„ ly, contoured
cushions e ffectively d istribute the  load iii  a more even
patte rn to  eliminate peak pressure areas.' In add ition,
contoured seat cushions  may o ffer enh mced pos tural
support. The UVA -REC has developed a computer
assisted technique to design and fabricate cus tom
contoured cushions , the CAD /CAM Seating
Assessment System, that is being prepared for market.
I t appears  to  f il l a void  in the  rehabi litat ion o f persons
with spinal cord injuries and other disabi lit ies  who use
wheelchairs by providing a better wheelchair cushion at
reduced cost and delivery time. Essentially, foam
blocks are  carved  to  exactly match the seated contour
of  the wheelchair user, taking  into  account the tissue
disp lacement that occurs in the seated pos ition.

Objective

This  segment o f the evaluation considered the e ffects
of custom contoured cushions on pressure  distribution
by an ind ividual using a wheelchair. The two main
objectives of this study were: 1) to utilize a
standardized methodology provided to f ive clinical
centers to measure baseline interface pressures for

12.5

sub jects  with various d iagnoses and  seating  systems;
and 2) to ob tain addit ional measurements with the
cus tom contoured cushion to determine the
effectiveness  of pressure ma n a g e me n t with the CCC.

Methods

Each of f ive Beta sites' collected data regard ing
demographics, posture, function, and pressure on
subjects meeting previously de fined cri teria. Criteria
for subject part icipat ion included no his to ry of  skin
breakdown on the sit ting surface for six months
preceding participat ion; wheelchair used as their
primary means of mob ili ty; and suff icient sitt ing
tolerance  to  participate in the evaluation.

During the ini tial evaluation, the clinicians collected
demographic data, evaluated posture, func tion and
pressure and collected contour data to des ign a CCC.
A detailed description of the computer- assisted method
to collect contour data and fabricate a cushion is
published elsewhere and therefore is not included
here .' Pressure measurements  were  taken using  the
subjects' original cushions. Pin -Dot Products (Niles,
I llinois) f abricated all CCCs us ing the numerical data
obtained by the E lec tronic Shape Sensors at the  Be ta
sites. The variety and dis tr ibution of wheelchair
cushions used  by the subjects are l isted in Table 1.

Tab le  1 . Cushion Type  (n =57)

Type Number
a  _ . . _ . _ 20
Quickie 12
ROHO- High Prof ile 7
ROHO- Low Profile 6
Other 11

Pressure on the sitting surface was measured using the
SCIMedics- Talley (Hampshire, England) pressure
monitor. Evaluators p rimarily used a 4" bladder. The
bladder was placed between the subject and the sitting
surface at seven sites: the left and right ischial
tuberos ities (IT) placing  the bladder d irectly under the
tuberosity; the  le ft  and  right trochante rs placing the
bladder at the g reate r trochante r o f  the femur; under
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the lef t and right thighs placing the edge  of  the b ladder
at the  f ront edge o f  the subject ' s whee lchair cushion;
and at the  coccyx /sacrum p lac ing the bladder d irec tly
under the coccyx and /or sacrum. Pressure
measurements  were taken in the  f o llowing  sequence :
right ischial tuberos ity, left ischial tuberos ity, right
trochanter, le f t  trochante r, r ight thigh, le f t thigh, and
coccyx /sacrum. The sequence of pressure
measurements was repeated to ob tain three
independent measures. The average of the
measurements at each si te was calculated  and used  for
subsequent analyses . Because the SCI Medics- Talley
pressure  monito r is  di f f icul t  to  accurately read  at the
lower end  of the scale, any pressure readings below 20
mil lime ters of  mercury were reco rded as  20 mml I g.

Results

Fif ty -seven subjects  presenting  a variety o f d iagnoses
participated  in the  study. Demographic  information can
be f ound in Table  2. Each subject was  to  participate  in
two  sess ions  with the Be ta evaluators. At the time this
report was writ ten, each of the 27 subjects who
returned fo r their second session rece ived a contoured
cushion.

Table  2 . Subject Demographics In = 57)

Sex M : 4 3 F: 14
Mean Age  (years) 40
Mean We ight (lbs.) 155
Mean Height ( in.) 68

Diagnosis Number
SCI -Quad 21
SCI -Para 18
Post Polio 5
MD 4
MS 3
CP 2
Other 4

No attempt was made to compare pressure
measurements  between the  various  cushions. Rather,
the  data were  analyzed grouping al l  o f  the sub jec ts
together. Pressure  measurements  f o r two  o f  the  57
subjects were  los t to  the  evaluation.

Mean pressures on the subjec ts ' original cushions  can
be  found in Table  3. The  highes t localized  p ressures
were f ound at the ischial tuberos ities. Pressures at the
trochanters  were  less  than at the ischial tuberosit ies
and  pressures  were lowes t at the thighs . Pressure at
the sac rum was similar to that at the trochanters.

1 hese results closely match find ings of previous
investigators. '

Table 3. Mean Pressure (SD) on Orig inal Cushions
(n =5 5)

Site Pressure  (mmHg)
Left Right

IT 62  (28 ) 63  (29 )
Trochanter 41 (15) 41 (15)
Thigh 24  (6 ) 22  (4 )
Sacrum 39 (20 )

Mean p ressures on the custom contoured cushions are
lis ted  in Table  4. Overal l, the  distr ibution of pressure
over the contoured  cushions was similar to that on the
original cushions with the highest pressures at the
ischial tuberosities, less  at the trochanters and sacrum
and  the least pressure  at the thighs.

Table 4 . Mean (SD) Pressure  on Cus tom Contoured
Cushion (n =271

Site Pressure (mmHg)
Left Right

IT 57  (21 ) 50 (13)
Trochanter 41 (12) 37  (13 )
Thigh 26 1 9) 26  (7 )
Sacrurn 36  (20 )

l t ie results of paired t -tes t analysis  o f the pressure
dif ferences with dif ferent cushion use  are  shown in
Table 5. 1t ie results  ind icate  that although a similar
decrease was observed at both ischial tuberosities, only
the decrease on the right side was statistically
signif icant (p  <0.05 ). Similarly, only on the right side
was the thigh p ressure  signif icantly inc reased.

Table 5. Paired  1-test for Mean (SD) Pressure
Measurements (n = 27)

Site Pressure  (mm Hg) Signif .
Original CCC Level (p)

Right IT 64 (29) 50  (13 ) 0.024
Left IT 71 (32) 57  (21 ) 0 .064
Right Troch. 38  (14 ) 37  (13 ) 0.609
Left Troch. 40 (14) 41 (12) 0.535
Right Thigh 21

( 6) 26
( 7) 0.012

Lef t Thigh 22
( 7) 26

( 9) 0.062
Sacruin 42 (21) 36  (20 ) 0 .344

These data indicate  a small decrease in pressure at the
ischial tuberosit ites and  a small  increase in pressure at
the thighs, thus indicat ing a possible shif t in
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weightbearing from the bony areas of the ischial
tuberosit ies to the thighs  which might be more suitable
fo r weightbearing . However, a dramatic red is tribut ion
of p ressure  was  not observed.

Discussion

Comfort, func tion and pressure dis tribut ion all play
important roles in choosing the correct wheelchair
cushion. Custom contouring a foarn wheelchair
cushion may play a role in altering the pressure
dis tribut ion over the sit ting surface, This study
indicates a change in pressure at the ischial tuberosities
and  t he  th ighs  with the use  o f  a cus tom contoured
cushion. However, the  change  in the d istr ibut ion o f
pressure from the subjects' original cushion to the CCC
was relat ively small. Even small decreases in pressure
may, however, inf luence the  ab ili ty of a patient to  bear
we ight and reduce the likelihood of pressure sore
formation o r inc rease  the patient' s sit ting tolerance.

The smaller standard deviations in pressure
measurement for custom contoured cushion users
observed at the ischial tuberosities suggest a more
consistent interface pressure. This may suggest a
reduc tion in tissue dis to rtion when provided with a
cus tom contour. Add itional data from the  outs tanding
30 subjec ts should  provide a more co rnplete analysis.

Evaluators were instructed to record any pressures less
than 20  mmHg as  20  mmHg. This may have  resulted
in skewed results especially fo r the pressure under the
thighs. It was  observed  that some sub jec ts bore l itt le
or no we ight under their thighs on their original
cushions. The pressures which were  recorded as  20
mmHg may ac tually have  been lower. This suggests
that the pressure under the thighs was actual ly
inc reased  by more  than what was  reported in these
results  with a custom contoured cushion.

Conclusion

Cus tom contoured cushions fabricated using the
CAD /CAM Seating  Assessment System developed  by
the UVA -REC may decrease pressure at the ischial
tuberosities and increase  pressure at the thighs. While
the patterns o f pressure  dis tribution remain essentially
the  same (highest at the I T' s, lower at the trochante rs
and  sacrum and sti ll  lower at the  thighs ), the p ressure
was shif ted somewhat from an area prone to skin
breakdown, the  ischial  tuberos it ies , to an area be tte r
suited  f or weightbearing , the shaf ts  o f the femurs . I t
is expected that with a larger subject poo l, patterns of
change wil l continue to show this shif t in p ressure with

the  values on the  le ft  and right sides balancing.
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THE DESIGN OF A COMPUTER AIDED SEATING SYSTEM

Rick Kwiatkowski, Rafael Inigo
Univers ity of Virginia Rehab ilitation Engineering  Center

Charlottesville, Virginia USA

ABSTRACT

A nove l sys tem des igned  f or the  measurement o f the
loading o f  the human body on a seating surface is
reported. The sys tem measures seating surf ace f orces
and can control the seating contour. Using force
info rmation as feedback, the system is capable of
determining custom seating contours which produce
op timum seating characteristics. The system is
comprised of an electronically actuated and force -
sens ing seating surf ace which is controlled by a
computer. Figure 1  i llustrates the major components of
the seating system.

BACKGROUND

I t has been dete rmined that cus tom contoured cushions
can he lp reduce seating - related  illnesses which aff lict
wheelchair users. For this  reason, sys tems  have  been
designed  to aid in the measurement and  f ab rication o f
such contoured cushions. Some existing systems
operate  by measuring the  d isp lacement of  an array o f
probes which cons titute the seating surface. The
ind ividual p robes are spring - loaded and resist vertical
displacement [11. The measured displacement due to the

load ing  of  a human body is then used  to  spec if y the
cushion contour which will be fabricated. These systems
can be  described  as 'open -loop' since the 'desired'
seating characte ristics are not incorporated into the
displacement measurement. Some of  these systems
allow f or a varie ty of  spring st if fnessses which can be
helpf ul fo r measuring individuals  with various masses.
However, the exis ting systems do not allow for
simultaneous contour control and seating force
measurement. A  "c losed  -loop ' sys tem would  allow f or
more direct control over a cushion's seating
charac terist ics . W ork on such a system was  started by
Brienza and  Gordon at the UVA REC [2,3]. This  paper
reports progress in this effort.

RESEARCH QUESTION

The purpose of  this projec t is  to de te rmine a way that
force - feedback can be implemented in a closed -loop
seating system and meet the specif ications listed below.
1) The system should be able to measure seated
individuals  with masses up to 100 kg.
2) The seating surface should be made up of an array of
movable force sens ing probes arranged in an 18' by 18'

area.
3) Each probe should be capable o f measuring  static

Figure 1  Sys tem Components
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forces normal to the seated surface rang ing from 20  to
5900 grams with a resolution of 25 grams.
4) The vertical position of each probe should be
controllable under maximum load to the maximum
displacement of 5 inches with a resolution of 0.01 inches.
5) The orientation (tilt and rotation) of each probe
surface should be measurable. The t ilt angle should be
measured from 0 to 50 degrees with respect to horizontal
with a 0 .5 degree resolution. The ro tation angle  should
be measured from 10 to 360 degrees about a
designated reference. Up to 10 degrees of unmeasurable
travel is allowed for due to  the method of measurement.

These  spec if icat ions  were  chosen to  ensure  that the
system would be able to measure  95% o f the potential
subjects as well as ensuring the displacement and force
resolutions  to  be as good  as , or bette r than, exis ting

systems.

METHOD

Actuators: The seating surf ace  consis ts o f an 11  by 12
rectangular array (minus the four co rners) o f movable
force sensing probes. This array configuration was used
successfully on previous systems and was adopted  for
the new system. Where the earlier systems used springs
to counteract the seating f orces , the new system uses
motor - d riven ac tuators which can pos ition each p robe
vert ically within a 5  inch range. Since  128  moto rs are
required  (one f or each probe), size o f the motors is  an
important consideration. The stepper motors chosen are
small enough to allow two layers of 64 motors to f it in the
available 18 ' by 18' cross - sectional area and powerful
enough to  l if t the rated 5900 gram load when coupled
with acme drive screws. Also, the stepper motors  allow
the pos ition of a given probe to be calculated  from the
number of  pulses sent to the  respective moto r. This
el iminates  the  need  f or separate  pos it ion sensors for

each probe.

Sensors: Each probe is designed to measure  the  fo rce
ac ting  normal to  the  surface be tween the p robe  and
seated individual. Figure 2 shows the cross section of a
typical sensor probe. Each probe is attached to a
stepper moto r by a drive  sc rew and  nut (no t shown in
f igure ). The probe  surface is rigid and  transmits  the
fo rces  down a connec ted shaft to a f orce  transducer.
The  fo rce  transducer converts the  measured  f orces to
electrical signals which are processed by the computer.
The f orce transducer is comprised o f a p iezo- resistive
pressure sensor which converts forces from pressurized
liquids to e lec trical s ignals. There are many available,
inexpensive p ressure sensors which can be purchased
for this application. Silicone f luid is sealed in a cylindrical
chamber with one end  containing the p ressure sensor
and the other a flexible rubber diaphragm. A shaft
attached to  the probe  surf ace makes  contac t with the
diaphragm and transmits forces to the silicone f luid.

To allow for curved contours, each probe surface
consis ts of  a conical head  which tilts and  rotates f reely
with the  seated surface by means  of  a ball and  socket
joint.  The o rientation o f the  probe  head is detected by
two separate  potentiometers which measure its ti lt and

SWIVELING HEAD

CIRCULAR POTENTIOMETER
BALL BEARING

SLIDING CYLINDER

LINEAR POTENTIOMETER
POTENTIOMETER WIPER

SENSOR BODY

SPRING

PISTON

PISTON GUIDE / BEARING

FLEXIBLE DIAPHRAGM
SILICONE FLUID

TRANSDUCER MOUNT

PRESSURE TRANSDUCER

Figure 2 Typical Sensor Probe Cross Section

rotation. The potentiometers convert the  assoc iated
head rotation ang les  to electrical signals which are
processed by the computer. The probe head can rotate
freely 360 degrees about the center axis of the
connecting shaft. A rotary potentiometer attached to the
top of a sliding cylindrical collar measures the contacting
point of the conical probe head, thereby determining the
head rotation. This po tentiometer measures the full 360
degree rotation minus a contact ang le of about 10
degrees. The  slid ing co llar is spring loaded and resists
the tilt of the head. A wiper attached to the collar makes
contact with a linear potentiometer mounted on the
probe body. As the probe head  tilts, the collar is forced
to slide down the p robe body causing the wiper to travel
along  the linear potentiometer [2].

Computer and Interface: The probes are  connected to a
computer cabinet via cables and interfacing circuitry. The
cabinet contains an STD bus multiple processor
computer with its related 1/0 and user interfacing
equipment. The sys tem contains  a monito r, keyboard
and mouse for user inte rac tion. The  cab ine t contains a
D.C. power supp ly which is  used  f o r energ izing  the
stepper motors, the force transducers and the orientation
potentiometers as well as the support ing circuitry.
Attached to the chair unit, analog multiplexers  are used
to scan the force and orientation signals before they are
digi tized and sent to the compute r. A lso located  on the
chair unit are controller cards which receive digital
signals  from the  compute r and  convert them into the
drive pulses for the stepper motors [2].

RESULTS

At the  t ime of  this  writ ing , the  des ign po rt ion of  the
project has been completed. All of the system
components have been identif ied and the majority of the
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parts have been purchased. Three fourths of the
cons truc tion o f the  sys tem has been comp le ted. A ll  o f
the computer and re lated 1 /0 circuitry has been ins talled
and tested. All of the stepper motors and related
actuato rs have been installed. The orientation
potentiomete rs  have  been tes ted. The ind ividual p robe
components are currently being buil t.  Proto type p robes
have been fully built and tested and have met the
required spec if ications. Software  has  been wri tten and
tested f or control ling  a smaller group o f p robes and will
be extended for the full  sys tem.

DISCUSSION

The system is  expected to  be a research tool which can
provide inf ormation about how seating contours  aff ec t
the  fo rces which reac t normal to  the  seating surface .
Additionally, the system as described is capable of
determining stif fness characte ristics of the seated
surf ace. S tif fness can be measured at a p robe si te  by
disp lac ing  the probe  a short d istance and reco rding the
change in the surface force [2]. Sti f fness conside rations
can be incorporated into the cushion contour des ign to
create desired loading  e ff ects. For example, i t may be
desirable  to reduce pressures at high stif fness, thin skin
areas and to distribute these pressures to lower stif fness,
thick -skin areas. This system is unique since it can
control the contour of the seating surface and
simultaneous ly measure the load ing effects at the
seating interface. In this way, the system can incorporate
characteristics like stiffness into algo rithms which
compute optimal cushion contours.

Much care has been taken to design a tool that
measures forces which are accurate and repeatable . As
was pointed out by Guthrie [4], i t is  extremely dif f icul t to
measure pressures between two compliant surfaces
since  the curvatures  of each surface mus t be known. To
avoid this situation, the probe heads  are f lat and rigid so
the  shap e  o f  the measured interface is known. Each
probe is calibrated and is accurate throughout the
des igned load range f or f lat and  curved contours.

An additional use for the seating system is the
measurement of cushion properties. A compliant material
can be p laced  on the  f lat or contoured ac tuato r array
and  f o rce  info rmation can be  measured  under various
loadings of the  material. Inf ormation about how materials
transmit forces to base supports can be determined from
this application [2 ].

It is hoped that the use of this system will make
contribut ions to  the area o f seating  techno logy and wi ll
ult imately lead  to improvements in the  qual ity of  l if e of
many people with disabil ities.
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P R E S S U R E  M A P P I N G  S Y S T E M S  F O R  S E A T I N G  A N D  P O S I T I O N I N G
A P P L I C A T I O N S : T E C H N I C A L  A N D  C L I N I C A L  P E R F O R M A N C E

Ma r t in  W .  F e r g u s o n  - P e l l , P h .  D . a n d  M a r y  C a r d i , M . S . , P . T .
H e l e n  H a y e s  H o s p i t a l , C e n t e r  f o r  R e h a b i l i t a t i o n  T e c h n o l o g y

A B S T R A C T
A p r o t o t y p e , c o m p u t e r b a s e d p r e s s u r e
m a p p i n g  s y s t e m  w a s  d e v e l o p e d  u s i n g  e x i s t i n g
t e c h n o l o g y  t h a t  h a d  b e e n  d e v e l o p e d  f o r  o t h e r
m e d i c a l  a p p l i c a t i o n s . T h e  d e s i g n w a s  b a s e d
o n  s p e c i f i c a t io n s  f r o m  1 0  c l i n i c a l  a n d  r e s e a r c h
c e n t e r s . T h e p r o t o t y p e a n d 3 c o m m e r c i a l
p r e s s u r e m e a s u r e m e n t s y s t e m s w e r e
c o m p a r e d f o r t e c h n i c a l a n d c l i n i c a l
p e r f o r m a n c e . F o r e a c h s y s t e m , c l i n i c i a n
f e e d b a c k , d a t a  a n d  t r e n d s  a r e  p r e s e n t e d  f o r
t h e r e l a t i v e i n f l u e n c e o f h a m m o c k i n g ,
h y s t e r e s i s  a n d c r e e p . T h e  f i n d i n g s  o f t h e
s t u d y  e m p h a s i z e n o t  o n l y t h a t t h r e e  o u t o f
t h e  f o u r  s y s t e m s  e x h i b i t  c l i n i c a l l y  s i g n i f i c a n t
i n a c c u r a c i e s o f m e a s u r e m e n t d u e t o t h e s e
u n w a n t e d  p r o p e r t i e s  b u t  a l s o  e x h i b i t  m a r k e d
d i f f e r e n c e i n v a l u e s o b t a i n e d u n d e r
c o m p a r a b l e  l o a d i n g  c o n d i t i o n s .

I N T R O D U C T I O N
O v e r t h e l a s t 1 0 y e a r s , t w o ma j o r c l i n i c a l
a p p l i c a t i o n s o f p r e s s u r e m a p p i n g s y s t e m s
h a v e e m e r g e d . P r e s s u r e m e a s u r e m e n t h a s
b e e n u s e d  b y m a n y  c e n t e r s  f o r  s e l e c t i o n  o f
s u p p o r t d e v i c e s f o r i n d i v i d u a l s a t r i s k f o r
d e v e l o p i n g pressure sores (1) (2) (3) . Use o f
p r e s s u r e m a p p i n g i s i n c r e a s i n g i n t h e
e v a l u a t i o n  o f  p o s i t i o n i n g  o r  p o s t u r a l  s u p p o r t
a n d s e a t i n g s y s t e m s (4 )  . S u c h o b j e c t i v e
d o c u m e n t a t i o n a s s i s t s d e c i s i o n -  m a k i n g f o r
p r e s c r i p t i o n a n d c o m m u n i c a t e s f i n d i n g s
s u c c i n c t l y t o c o l l e a g u e s i n c l u d i n g
j u s t i f i c a t i o n s  t o  t h i r d  p a r t y  p a y o r s .
A  n u m b e r  o f s t u d i e s  h a v e  i d e n t i f i e d s e n s o r
c h a r a c t e r i s t i c s w h i c h i n f l u e n c e i n t e r f a c e
p r e s s u r e m e a s u r e m e n t s a n d m u s t b e
c o n s i d e r e d w h e n i n t e r p r e t i n g r e a d i n g s
(5 )  ( 6 )  . T h e  f e w  m a p p i n g  s y s t e m s  t h a t  h a v e
b e e n  a v a i l a b l e  c o m m e r c i a l l y  h a v e  b e e n  l i m i t e d
i n  p e r f o r m a n c e  i n  t h e  f o l l o w i n g  a r e a

- p o o r  d u r a b i l i t y
•  p o t e n t i a l  i n a c c u r a c i e s  o n  c o m p l i a n t
c u s h i o n s  d u e  t o  " h a m m o c k i n g "

- i n a d e q u a t e  s p a t i a l  r e s o l u t i o n
- l a r g e  s e n s o r  e l e m e n t s  w h i c h  c a u s e
p e a k  p r e s s u r e  " a v e r a g i n g "

•  s e n s o r  a r r a y s  t o o  s m a l l  f o r  f u l l
s e a t  m a p p i n g

Mo s t c o m p u t e r  - b a s e d s y s t e m s h a v e b e e n
l i m i t e d  i n  d a t a  p r e s e n t a t i o n  a n d  m a n i p u l a t i o n
f o r  m e a s u r i n g  a n d  r e c o r d i n g  d y n a m i c  c h a n g e s
a s s o c i a t e d  w i t h  f u n c t i o n a l  a c t i v i t i e s .
T h e  p u r p o s e  o f  t h i s  p r o j e c t  w a s  t o  d e v e l o p  a n
i m p r o v e d p r e s s u r e m a p p i n g s y s t e m a n d
c o m p a r e i t s m e a s u r e m e n t a n d p e r f o r m a n c e
w i t h  t h r e e  c o m m e r c i a l  s y s t e m s . A  f o c u s
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g r o u p  o f  3  c l i n i c a l  s p e c i a l i s t s  w a s  f o r m e d  t o
c o m p a r e t h e s y s t e m s f o r u s e i n p a t i e n t
a s s e s s m e n t s .

M E T H O D S  A N D  M A T E R I A L S
P r e s s u r e  m o n i t o r i n g  d e v i c e s  t e s t e d :
T h e p r o t o t y p e s y s t e m w a s d e v e l o p e d b y
T e k s c a n I n c . ( C a m b r i d g e M A ) i n
c o l l a b o r a t i o n  w i t h  t h e  a u t h o r s  w h o  p r o v i d e d
d e t a i l e d p e r f o r m a n c e a n d u s e r i n t e r f a c e
s p e c i f i c a t i o n s b a s e d o n r e s p o n s e s t o a
q u e s t i o n n a i r e b y 1 0 e x p e r i e n c e d s e a t i n g
s p e c i a l i s t s a n d r e s e a r c h e r s . T h e  p r o t o t y p e
c o n t a i n s  2 0 5 6  s e n s i n g  e l e m e n t s ,  t h e i r  c e n t e r ' s
1 0 mm a p a r t o n a  m a p p i n g a r e a o f  4 3 0 x 4 9 0
m m . E a c h s e n s o r i s a p p r o x i m a t e l y 8 m m x
8 m m . T h e s y s t e m  e m p l o y s  a f o r c e  s e n s i t i v e
i n k  w h i c h  i s  a p p l i e d  t o  t h e  m a t ' s  t h i n ,  f l e x i b l e
p o l y e s t e r  s u b s t r a t e  0 . 1 m m  t h i c k , u s i n g  a n
a d v a n c e d l i t h o g r a p h i c t e c h n i q u e . T h e
s y s t e m  f e a t u r e s  v e r y  h i g h  s p a t i a l  r e s o l u t i o n ,
h i g h  s a m p l i n g  r a t e  a n d  a  g r a p h i c a l  i n t e r f a c e
t h a t p r o v i d e s h i g h q u a l i t y , t w o a n d t h r e e
d i m e n s i o n a l  r e p r e s e n t a t i o n s  o f  t h e  p r e s s u r e
d i s t r i b u t i o n a t t h e  b o d y  -  s u p p o r t  i n t e r f a c e .
I t a l s o a l l o w s s h o r t d u r a t i o n d y n a m i c
p r e s s u r e d i s t r i b u t i o n s t o b e r e c o r d e d a n d
p l a y e d b a c k a t n o r m a l s p e e d o r f r a m e b y
f r a m e .
T h e T e k s c a n p r o t o t y p e w a s  c o m p a r e d w i t h
t h r e e c o m m e r c i a l s y s t e m s : F o r c e S e n s i n g
A r r a y ( F S A ) f r o m VI S T A M E D ( W i n n i p e g ,
C a n a d a ) ; T a l l e y T P M3 a n d T a l l e y P r e s s u r e
E v a l u a t o r  (  T a l l e y  M e d ic a l  E q u i p m e n t  R o m s e y ,
E n g l a n d )  .
T h e F S A s y s t e m u s e s 225 s e n s o r s
m a n u f a c t u r e d  b y  I n t e r l i n k  E l e c t r o n i c s  ( S a n t a
B a r b a r a C A ) w h o s e a c t i v e e l e m e n t i s a n
e l e c t r i c a l l y c o n d u c t i v e i n k . T h e y a r e
a r r a y e d  i n  a  5 1 0 m m  x  5 1 0 m m  m a t . P r e s s u r e s
c a n  b e  m o n i t o r e d  e i t h e r  i n s t a n t a n e o u s l y  o r  a t
a  s a m p l i n g  r a t e  o f  a p p r o x i m a t e l y  1  c o m p l e t e
a r r a y o f s e n s o r s p e r s e c o n d . D a t a i s
p r e s e n t e d  e i t h e r a s  c o l o r  e n c o d e d i s o b a r s ,
p r o p o r t i o n a l  s q u a r e s ,  a s  n u m e r i c a l  v a l u e s  o r
a s  a  3 D  c o n t o u r  m a p .
T h e  T P M 3  m o n i t o r s  a  p n e u m a t i c  p r e s s u r e  v s
a i r f lo w r a t e c h a r a c t e r i s t i c a s s o c i a t e d w i t h
e a c h  s m a l l  a i r  b l a d d e r  u s e d  a s  a  s e n s o r . T h e
T P M 3  c a n  b e  u s e d  a s  a  s t a n d  - a l o n e  s y s t e m
w h e r e v a l u e s a r e p r e s e n t e d o n a L C D
d i s p l a y , o r i n c o n j u n c t i o n w i t h a p e r s o n a l
c o m p u t e r . T h e  T P M 3  c a n  a c c o m m o d a t e  u p  t o
96 d i s c r e t e  s e n s o r s  a n d i s  a l s o s u p p l i e d  i n
8 x 1 2  s e n s o r  a r r a y s  a n d  a  5 1 0 m m  x  5 1 0 m m , 4 8
s e n s o r  m a t  ( T A L M A P )  t o  p l a c e  o n  w h e e l c h a i r
c u s h i o n s .
T h e  T a l l e y  S k i n  P r e s s u r e  E v a l u a t o r ( T S P E )
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i s  a  s m a l l  h a n d  - h e l d  p o r t a b l e  u n i t  e m p l o y i n g
a  s p h y g m o m a n o m e t e r  c o n n e c t e d  t o  a  b l a d d e r
w i t h e l e c t r i c a l c o n t a c t s  t o  i n d i c a t e  w h e t h e r
t h e  b l a d d e r  i s  i n f l a t e d  o r  h a s  b e e n  c o l l a p s e d
b y  t h e  a p p l i e d  i n t e r f a c e  p r e s s u r e . T h e  T S P E
c a n b e s u p p l i e d w i t h 1 0 0 mm a n d 2 8 mm
diameter sensor bladders.
C a l i b r a t i o n  T e c h n i q u e s :
A  p l a n a r  l o a d i n g  c a l i b r a t i o n  m e t h o d  w a s  u s e d
to calibrate each system. Transducers were
s a n d w i c h e d b e t w e e n a n  i n f l a t a b l e  v i n y l b a g
a b o v e ,  a n d  a  1 5 m m  t h i c k  e l a s t o m e r i c  g e l  (  " T -
G e l " , A l i m e d I n c . B o s t o n MA) w h i c h w e r e
contained in a strong wooden box with an

access slot to insert the transducer at the
f r o n t . T h e i n f l a t i o n p r e s s u r e  o f t h e v i n y l
b a g w a s  e q u a t e d  t o  t h e p r e s s u r e  a p p l i e d  t o
the transducer.
Linearity was determined by loading the
m a p p i n g  s y s t e m s  i n  t h e  p l a n a r  c a l i b r a t i o n  r i g
a n d a p p l y i n g  i n c r e m e n t s  o f  2 0 m m  H g u p  t o
1 6 0  m m  H g . L i n e a r i t y  w a s  e x p r e s s e d  a s  t h e
r e g r e s s i o n  c o e f f i c i e n t  f o r  t h e  o u t p u t  v e r s u s
a p p l i e d  p r e s s u r e  c h a r a c t e r i s t i c .
H y s t e r e s i s e f f e c t s w e r e e x a m i n e d b y
p r o g r e s s i v e  i n t e r v a l  l o a d i n g  a n d  u n l o a d i n g  o f
e a c h  s y s t e m ,  e x c e p t  t h e  T A L M A P ,  r e s u l t s  f o r
t h i s  s y s t e m  w e r e  a s s u m e d  t o  b e  t h e  s a m e  a s
t h e  T P M 3  s e n s o r s  i n  i s o l a t i o n . I n c r e m e n t s  o f
20 mm Hg w ere appli ed and mea surements
r e c o r d e d  i n  t h e  r a n g e  0  - 1 6 0  - 0  m m  H g .
S t a b i l i t y w a s d e t e r m i n e d f o r e a c h o f t h e
s y s t e m s  a p p l y i n g  p r e s s u r e  a t  t w o  l e v e l s  ( 5 0
a n d 1 0 0  m m  H g ) s u c c e s s i v e l y . I n  e a c h  c a s e
the output of the s ensors was measured
i m m e d i a t e l y u p o n r e a c h i n g t h e p r e s c r i b e d
p re s s u re ,  a t  3 0 s  a n d  t h e n a t  6 0 s  i nt e r v a l s  u p
to  600s.
Re p e a t a b i l i t y wa s  d e t e rmi ne d  u s i ng a  l o a d e r
g a u g e fa b r i c a t e d t o no mina ll y s i mu l a t e
b u t t o c k  l o a d i n g. A  l o a d e r  ga u ge  i s  p r e fe r r e d
t o e mp l o y i ng hu ma n s u b j e c t s a s sma ll
v a r i a t i o n s  i n  b o d y p o s i t i o n a r e  d i f f i c u l t  t o
c o nt ro l  a n d  c a n  r e s u l t  i n  l a r g e  v a r i a t i o ns  i n
l o c a l  i n t e r f a c e  p r e s s u r e . T he  v a r i a t i o n i n
p e a k  p r e s s u r e  fo r  1 0  r e p e a t e d  l o a d i n g s  wa s
c o mp a re d  fo r  e a c h o f  4  t e s t  c u s h i o ns  (F o a m,
ge l ,  Ro ho ,  J a y )  .
H a m m o c l d n g e f f e c t s w e r e e s t i m a t e d b y
i n s t r u m e n t i n g t h e l o a d e r g a u g e w i t h t h r e e
1 2 m m d i a m e t e r I n t e r l i n k s e n s o r s .
I n s t r u m e n t a t i o n  w a s  d e v e l o p e d  t o  a v e r a g e  t h e
output of the 3 sensors and express their
r e s p o n s e  t o  a p p l i e d  p r e s s u r e  i n  m m  H g . T h e
s e n s o r s  w e r e  p l a c e d  o n  t h e  i s c h i a l  t u b e r o s i t y
r e g i o n  o f  t h e  l o a d e r  g a u g e , w h i c h  w a s  t h e n
placed on each of the test cushions. T h e
average output of the sensors was then
r e c o r d e d . T h i s  p r o c e d u r e  w a s  t h e n  r e p e a t e d
with each of the pressure mapping systems
interposed  between the cushio n and the
i n s t r u m e n t e d l o a d e r g a u g e . C o m p a r i s o n
between the  av era ge Interlink sensors'
o u t p u t w i t h a n d w i t h o u t t h e t r a n s d u c e r
p r o v i d e s a n i n d i c a t i o n o f h o w m u c h

mo d i f i c a t i o n o f t h e " n a t u r a l " p r e s s u r e
d i s t r i b u t i o n  o c c u r s  d u e  t o  t h e  p r e s e n c e  o f  t h e
transducer.
P a t i e n t  T e s t s :
M e a s u r e m e n t s w e r e m a d e t o d e t e r m i n e t h e
r e p r o d u c i b i l i t y  o f  t h e  m a p p i n g  s y s t e m s  w i t h
e x p e r i e n c e d w h e e l c h a i r u s e r s a t r i s k f o r
developing pressure sores. Ea c h o f 5
s u b j e c t s e x h i b i t e d p r o m i n e n t i s c h i a l
t u b e r o s i t i e s . P r e s s u r e m e a s u r e m e n t s w e r e
t a k e n w i t h e a c h s u b j e c t s e a t e d i n h i s o w n
w h e e l c h a i r  w i t h  a  s o l i d  s e a t  b o a r d . F o r  e a c h
c u s h i o n ,  s i n g l e  r e a d i n g s  w e r e  t a k e n  f o r  e a c h
o f  t h e  p r e s s u r e  m a p p i n g  s y s t e m s , o n  e a c h  o f
t h e  4  c u s h i o n s .

R E S U L T S
C l i n i c a l  F o c u s  G r o u p
O v e r a l l , t h e  f o c u s  g r o u p  p a r t i c i p a n t s  f o u n d
t h e  T P M 3  t o  b e  t h e  m o s t  l i m it e d  in  s p e e d ,  e a s e
o f u s e , c l i n i c a l e f f i c i e n c y a n d r e a d y

i n t e r p r e t a t i o n  o f  d a t a  p r e s e n t a t i o n . T h e  F S A
w a s  f o u n d  t o  p r o v i d e  c l i n i c a l l y  u s e f u l ,  e a s i l y
interpreted data and clear, comprehensive
d a t a f i l e s i n c l u d i n g h a r d c o p y . T h e
T e k s c a n ' s s p a t i a l r e s o l u t i o n , d a t a
p r e s e n t a t i o n  a n d  e a s e  o f  o p e r a t i o n  w e r e  r a t e d
t o  b e  s u p e r i o r  t o  t h e  o t h e r  s y s t e m s  a n d  t h e
d y n a m i c  r e c o r d i n g  c a p a b i l i t y  w a s  f o u n d  t o  b e
u s e f u l  i n  s i m u l a t i n g  t h e  e f f e c t s  o f  f u n c t i o n a l
a c t i v i t y . L a c k o f s o f t w a r e f o r n u m e r i c a l
d i s p l a y , p r i n t i n g a n d d a t a r e t r i e v a l w e r e
i d e n t i f i e d  a s  w e a k n e s s e s .

T a b l e  1 :  L i n e a r i t y  a n d  c a l i b r a t i o n
re p r o d u c i b i l i t y

Mean Measured Pressure
TPM3S FSA TEKSCAN TEKSCAN

APPLIED COVERED UNCOVERED
PRESSURE [101 151
(� �H9)

0 0 (0.0) 0 (0.0) 0 (0.0) 0 ( -)
20 21 (0.6) 14 (2.3) 19 (1.7) 15 ( )
40 41 (0.3) 40 (2.7) 40 (1.5) 34 ( -)
60 61 (0.3) 60 (3.4) 61 (1.6) 51 ( -)
80 81 (0.0) 81 (5.1) 82 (2.0) 68 ( )

100 101 (0.0) 103 (3.7) 104 (1.6) 87 ( )
120 121 (0.0) 129 (1.3) 126 (2.8) 103 ( )
140 140 (0.5) 147 (0.5) 147 (1.6) 122 ( -)
160 160 (0.5) - - 169 (1.5) -

inearity
(r2)

1 0.999
1.081

1 1.060 1
0.875

Table 2: Hysteresis
MAPPING SYSTEM HYSTERESIS
TEKNCOV 21.7
TEKCOV 20.8
TPM3S 0.0
FSA 18.7
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T a b l e 5 : R e p e a t a b i l i t y - l o a d e r  g a u g e

PEAK PRESSURE n Rg

USRION FSA TALMAP TEKCOV TEKNCOV TPM3S
FOAM 54(2) 83(5) 81(5) 62(6) 69(2)
EL 71(4) 89(10) 97(11) 91(10) 103(8)

JAY 41(5) 64(6) 85(10) 51(6) 72(10)

OHO 33(5) 45(4) 57(3) 42(9) 48(8)

T a b l e 6 : E x a m p l e o f m a p p i n g s y s t e m
m e a s u r e m e n t v a r i a t i o n f o r 5

s u b j e c t s f o r 1 s u p p o r t s u r f a c e

MAPPING E MAPPING
FSA TALMAP TSPE TEKCOV TPHS

FOAM 1 91 107 81 173 122
2 134 164 155 184 202
3 84 85 75 103 84
4 136 190 129 187 246
5 106 94 72 82 88

D I S C U S S I O N
T e c h n i c a l e v a l u a t i o n o f t h e s y s t e m s
d e m o n s t r a t e d t h a t t h e T a l l e y T P M3 i s t h e
m o s t  a c c u r a t e , r e p r o d u c i b l e  a n d  s t a b l e , b u t
wa s  f o u n d  t o  b e  c l i n i c a l ly  l im i t e d  i n  s c a n  r a t e ,
e a s e  o f  u s e  a n d  d a t a  p r e s e n t a t i o n . T h e  t w o
s y s t e m s e m p l o y i n g f o r c e s e n s i t i v e i n k s
s h o w e d  s i g n i f i c a n t  h y s t e r e s i s ,  a l t h o u g h  b o t h
p l a n  t o  e m p l o y  s o f t w a r e  a l g o r i t h m s  t o  r e d u c e
t h i s  p r o b l e m . T h e  F S A  w a s  s u p e r i o r  i n  t e r m s
o f  l o w e r  c r e e p a n d  c a l i b r a t i o n c o n s i s t e n c y .
T h e d a t a m a n a g e m e n t a n d p r e s e n t a t i o n
f e a t u r e s  o f  t h e  F S A  w e r e  r a t e d  h i g h l y  b y  t h e
f o c u s g r o u p . T h e T e k s c a n p r o t o t y p e
e x h i b i t e d  t h e  g r e a t e s t  c r e e p  a n d  w a s  f o u n d  t o
l o s e  c a l i b r a t i o n w h e n s u b j e c t e d  t o s h e a r i n g
l o a d s . B o t h F S A a n d T e k s c a n e x h i b i t e d
s i g n i f i c a n t  h a m m o c k i n g  e f f e c t s ,  t h e  e x t e n t  o f
w h i c h d e p e n d e d s t r o n g l y u p o n t h e t y p e o f
c u s h i o n  b e i n g  u s e d . T h e  f o c u s  g r o u p  r a t e d
t h e T e k s c a n s y s t e m h i g h l y f o r i m p r o v e d
s p a t i a l r e s o l u t i o n , d a t a p r e s e n t a t i o n ,
d y n a m i c  d i s p l a y  a n d  r e c o r d i n g  c a p a b i l i t i e s .
P e r h a p s  t h e  m o s t  d r a m a t i c  a n d  d i s c o n c e r t i n g
r e s u l t s w e r e t h o s e o b t a i n e d w i t h h i g h
p r e s s u r e  s o r e r i s k  w h e e l c h a i r u s e r s . E a c h
s u b j e c t  w a s  a s k e d  t o  s i t  o n  1  o f  4  c u s h i o n s  i n
t u r n , w i t h e a c h o f t h e p r e s s u r e m a p p i n g
s y s t e m s  b e i n g  e m p l o y e d  t o  d e t e r m i n e  t h e  p e a k
p r e s s u r e . T h e v a r i a t i o n i n p e a k p r e s s u r e
r e c o r d e d  u n d e r  v i r t u a l l y  i d e n t i c a l  c o n d i t i o n s
o n ,  f o r  e x a m p l e  t h e  f o a m  c u s h i o n ,  f o r  a  g i v e n
s u b j e c t , r a n g e d f r o m 8 1 mm H g u s i n g t h e
T S P E  t o  1 7 3  m m  H g  f o r  t h e  T e k s c a n  s y s t e m .
I t i s p o s s i b l e t h a t s o m e o f t h e e x t r e m e
d i f f e r e n c e s c o u l d b e a c c o m m o d a t e d u s i n g
a v e r a g i n g  t e c h n i q u e s  ( " s m o o t h i n g " ) ,  b u t  t h e
v a r i a t i o n s  b e t w e e n  s y s t e m s  w o u l d  s t i l l  r e m a i n

h i g h .

T h e s e  o b s e r v a t i o n s r e i n f o r c e  c o n c e r n s  t h a t
t h e  i n t e r p r e t a t i o n  o f  p r e s s u r e  m e a s u r e m e n t s
u s i n g  t h e s e  s y s t e m s  s h o u l d  a t  b e s t  b e  l i m i t e d
t o r e l a t i v e c o m p a r i s o n b e t w e e n s i m i l a r
s u p p o r t  s u r f a c e s . T h e y s h o u l d  n o t  b e  u s e d
a s a b s o l u t e m e a s u r e s f o r r i s k a s s e s s m e n t

i s c h e m i a  t o l e r a n c e .

R E F E R E N C E S
1 . G a r b e r S L , K r o u s k o p T A , C a r t e r R E : A
s y s t e m f o r c l i n i c a l l y e v a l u a t i n g w h e e l c h a i r
p r e s s u r e r e l i e f c u s h i o n s . A m . J . O c c . T h e r .
3 2 : 5 6 5  -  5 7 0 , 1 9 7 8 .
2 . K r o u s k o p  T A , N o b e l  P C , G a r b e r  S L : T h e
e f f e c t i v e n e s s o f p r e v e n t i v e m a n a g e m e n t i n
r e d u c i n g  t h e  o c c u r e n c e  o f  p r e s s u r e  s o r e s .  J .
R e h a b .  R  & D . 2 0 , 1 :7 4 -  8 3 , 1 9 8 3 ( B P R  1 0  - 3 8 ) .
3 .  F e r g u s o n  - P e l l MW, W il k ie I C  ,  Ba r b e n e l
J C : P r e s s u r e s o r e p r e v e n t i o n f o r t h e
w h e e l c h a i r  u s e r .  P r o c .  I n t .  C o n f .  R e h a b .  E n g .
T o r o n t o , J u n e  1 6 -  2 0 : 1 6 7 -  1 7 1 , 1 9 8 0 .
4 .  Ne ls o n  R L  ,  Ke t t  R L ,  L e v i n e  S P  e t  a l :  C u s t o m
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Three-Dimensional Computer Model of  the Human Buttocks , In Vivo

Beth A. Todd ' and  John G. Thacker2

'GMI Engineering & Management Institute, Flint, MI
2University of Virginia - Rehabilitation Engineering Center, Charlottesville, VA

ABSTRACT

Three - dimensional, PC- based, f inite element models of
the human buttocks were generated for able- bodied
male  and  f emale  sub jects  in both seated  and  sup ine
positions. A force proportional to  each subject's weight
was app lied as a point -load to each model. Elastic
foundation boundary cond itions were appl ied to the soft
tissue. Disp lacements of  the  sof t tissue  under the r ight
ischial tuberosity and buttock- cushion interface stresses
calculated from the model were acceptable when
compared with their experimentally determined
counterparts. Inte rnal stresses closer to the ischial
tuberos ity, which could not be measured experimentally,
were calculated to be  larger than those at the buttock -
cushion interface.

BACKGROUND

Development of decubitus ulcers is a serious problem for
those who are wheelchair bound, particularly paraplegics
and  quadrip legics. While the f irst indication o f an ulcer
is redness on the skin surface, there is surgical evidence
that ulcers form internally and spread toward the surface
of  the  skin. Developers of  wheelchair cushions make
use of interface pressures be ~::eon the buttocks and the
cushion when des igning  to re lieve pressure . There is
limited  information available relating interface pressures
to the internal pressures at the sites of decubiti
formation.

The purpose of this research was 1) to show that a f inite
element model could be  developed  which gave  results
consistent with experimental data and  2 ) to  beg in to
relate interface pressures to internal pressures.

METHOD

Mode l ing  the  human body can be  quite complex. To
minimize the comp lexity o f the model, only a po rtion of
the right buttock around the ischial tuberosity was
included  in the  model. Two  subjects were  used  in this
study: an able- bodied male of mass 74 kg and an able -
bodied female of mass 58  kg. Models were created for
each subject to rep resent seated and sup ine pos it ions
on a contoured  cushion. To deve lop a f inite e lement
model, geometry of the struc ture must be defined,
mate rial properties determined, and load ing and
boundary condit ions established.

Geometry
With the exception of  the cushion itself , the geometry in
this case cons isted  of the anatomical dimensions of  the
right ischial tuberosity and surrounding soft tissues.
Nuclear Magnetic Resonance  Imaging (MRI) was used to
determine these dimensions.(1) A planar sec tion o f the
three - dimensional model of the male subject is shown in

Figure 1. Due to the  size of the tube in the MRI imager,

subjects could not be placed in a seated position.
Material properties were used to compensate for the fact
that sup ine geometry was used in bo th seated and
supine positions.

Material Properties
The modulus  o f elas tic ity and Po isson's  rat io of  bone
were  taken from the literature. An experiment was
developed  to de te rmine  the  material p ropert ies of  the
soft tissue fo r each subjec t in each pos ition. Details of
this experiment are described in the references.(2)
Material properties of the cushion were determined using
load - deflection tests.(2),(3) The  values of  the mate rial
propert ies used in the models are given in Table 1.

Load ing
The loading applied to each mode l was taken as  a
percentage of the  subject 's to tal  body we ight. Fo r an
average male in the  sup ine position, the right pelvis
represents  6.7% of the total  body weight: in the seated
pos ition, the loading  on the  right ischial tuberosity is
29.2% of the total body we ight. For an average f emale
in the supine position, the right pelvis represents 8.6% of
the total body weight; in the seated position, the loading
on the right ischial  tuberosity is 29.7% of the total body
weight.(3) In each case , the weight was app lied to the
model as a po int load  act ing on the  ischial  tuberos ity.
The forces  used for loading are given in Table 2.

Boundary Cond itions
The mode l was constrained at several locations. A
symmetry condit ion, eliminating horizontal motion, was
placed on the right edge of  the mode l to represent
bilateral symmetry. The bottom edge of the cushion was
constrained agains t vertical motion. The f ront and back
faces of the model were constrained to reduce
complexity. The top  surf aces  o f the  so ft tissue were
constrained by elastic  foundations. I t  is  beyond  the
scope o f this  paper to go into  the mathematical details
of an elastic foundation. The interested reader is
referred to  the literature for more detail.(2) Material
properties of the elastic foundations are listed in Table 1.
The model was generated with a PC -based f inite element
program called PRI MEGENTM. The model o f the  male
subject consisted of 2029 nodes  and  1008 eight -node
linear brick elements. The mode l of the  female subject
consisted of  2053  nodes  and 1008 eight -node linear
brick elements.

RESULTS

Model Verif ication
The f inite element models were verif ied by comparing the
displacements calculated in the sup ine position with
those determined experimentally with the MRI. Also, the
stresses  calculated at the  boundary of  the  so ft t issue
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and the cushion were compared with the interface
pressures measured with the Oxfo rd Pressure Monitor.
The displacement values are listed in Tab le 3 . The
stresses are given in Table 4.

Interface and Internal Stresses
Stress contour plo ts show the change  in s tress through
the soft tissue  from the buttock- cushion interface to the
ischial tuberosity. An example of these plots for the male
subject in the supine pos ition is shown in F igures  2 and
3 for two  dif ferent stress  ranges. The stress values for
the dif ferent loading cases are given in Table 5.

DISCUSSION

Model Verif ication
The computat ionally and experimentally determined
values for deflection of tissue under the ischial tuberosity
are in excellent agreement for the male subject, but there
is a 100% error for the female subject. Unfortunately, the
MRI does  no t p rovide any way to  mark the  ante rio r -
posterior position of a slice. There may be some
discrepancy between the slice that was used to
determine experimental def lection and the model cross -
section used to determine the computational deflection.

The dif ference between computed stress and measured
pressure  was 1000  Pa and 1300 Pa f or the  male  and
female subjects, respectively, which gives between a 21
and 38 % e rror. While  this  erro r appears to be  large,
1000  Pa is  equivalent to 7 .5 mm Hg. Readings  on the
Oxfo rd  Pressure  Monito r are only accurate  to  within 4
mm Hg.

Interface and Internal Stresses
Table 5 shows a dramatic  di f ference  of greater than an
order of magnitude between the minimum principal

stresses  at the buttock- cushion inte rface  and the  so ft
tissue surround ing the ischial tuberosity. The high
stresses surrounding the tuberosity may be an artifact of
load ing the model with a concentrated point force.
However, this  increase in stress at the  inte rnal tissues
bears further investigation.
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Figure 1. Planar section of the three - dimensional
model of the male subject.

Table 1. Material Properties used in Models

Material E (Pa) v
Bone 17. x 109 0.31

Cushion 10.2 x 103 0.1

Female Elastic 110 x 103 0.49
Foundation

Male E lastic 120 x 103 0.49
Foundation

Male Seated 64.8 x 103 0.49
Soft Tissue

Male Supine 15.2 x 103 0.49
Soft Tissue

Female Seated 47.5 x 103 0.49
Soft Tissue

Female Supine 11.9 x 103 0.49
Soft Tissue

Table 2. Loads Applied  to the  Various Mode ls (N)

Load

Male Supine 48.4

Male Seated 211.0

Female Supine 48.5

Female Seated 167.5
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Table 3. Displacement of Soft Tissue (cml

PRIMEGENTM MRI

Male Supine 1.7 1.7

Male Seated 5.0 not available

Female Supine 1.9 3.9

Female Seated 6.4 not available

Table 4. Skin - Cushion Interface Stresses (Pa)

191 a„o „ M i w Oxford
Pressure
Monitor

Male 5100 4600 4100
Supine

Male 25300 37200 not
Seated available

Female 4100 3100 2800
Supine

Female 19800 21400 not
Seated available

Figure 2. Minimum compressive stress for male
subject in supine position, range 0 to -10. Wcmz.

Figure 3. Minimum compressive stress for male
subject in supine position, range 0 to -2. N /cm2.

Table 5. Interface and Internal Stresses(a_ in Pal

Interface ischial
Tuberosity

Male Seated -25300 - 150000

Male Supine -5100 - 100000

Female Seated - 19800 - 480000

Female Supine 4100 - 13000O
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FNS Knee Extension Exercise In Paraplegia: Factors Associated With
Gains In Muscle Force Production And Work Performance

Joyce M. Campbell, Paul M. Meadows, Cynthia Wederich,
Robert L. Waters, Charles L. Carter

Rancho Rehabilitation Engineering Program, Downey, CA USA
California State University, Long Beach

Abstract

FNS can improve joint stability and limb movement in
SCI when muscle force production meets functional
demands and is fatigue resistant (FR). The purpose of
this poster is to present outcomes of FNS exercise
des igned to improve both knee extens ion moment
(KEM) and FR in SCI. KEM and position (isokinetic
sys tem) were  sampled by an IBM PC /AT. ES for
laboratory tria ls was generated by the IBM. ES for
home use was provided by a programmable, portable
stimulator. Subjects performed a daily, home FNS
program and a  laboratory protocol 2x /wk for work
goal- oriented FNS. Closed loop ES was programmed to
maintain the target FNS moment, and exercise on each
visit was completed when the KE work performance
exceeded the previous session. Closed loop ES fatigue
curves (maximum contraction over 40 KE, 60 deg /S)
and work performance indicated both an increase in
KEM and FR. A reduction in spasticity (documented as
resistance to passive knee motion [5-230 deg /S])
contributed to improved KE. Combined volitional and
FNS exercise produced greater peak KEM than did
either mode of exercise alone.

Introduction

Electrical stimulation can be used to augment joint
stabili ty and to create  limb movement when force
production is adequate and the quality of contraction
is repeatable over time. Efforts to "strengthen" muscles
weakened by spinal cord injury (SCI) with functional
neuromuscular stimulation (FNS) have been
confounded by altered motor unit recruitment, early
fatigue and spasticity. Although previous investigators
have demonstrated an improvement in electrically
stimulated (ES) fatigue resistance as a result of FNS
exercise, clinically significant increases in peak moment,
or force generation, have not been consistently
demonstrated (1-4).

ES activation of large muscle groups, such as the
quadriceps, is critical to the success of FNS transfer and
walking protocols for SCI patients. Based upon the
muscle force generation requirements for standing and
walking in healthy individuals , it  is reasonable  to
expect that approximately 40% of normal knee
extension force would be needed to support FNS
activity.(5,6) In view of the lower force generation
capability during joint motion, when compared to
isometric muscle contractions, the estimated 40%
should reference a shortening and /or lengthening
muscle contraction.

The purpose of this report is to present the outcomes
of an FNS knee extension exercise (KE) protocol in 8
SCI subjects and to emphasize the factors associated
with improvement in force production and repeatability
of muscle performance. 3 patients are highlighted to

13.1

illustrate patient diversity in sensory, motor and
reflexive status and response to FNS exercise.

Methods

Subjects: Eight paraplegic patients participated in the
FNS exercise protocol. All subjects lacked volitional
control of the experimental limb. Six were complete
and two were incomplete SCI (T4 -T10).

Laboratory instrumentation: An isokinetic exercise
device (LidoActive Loredan Biomedical) measured
angular pos ition, velocity and moment during knee
exercise. Analog s ignals were sampled by an IBM
PC /AT system for calibration, gravity compensation
and data acquisition. ES was generated by a printed
circuit board in the IBM system. Asymmetrical
biphasic pulses (350 uS, 33 pps) were used. Amplitude
modulation was employed during closed loop exercise
to maintain knee extension moment (KEM) within ±2
Nm of the target. Self - adhearing electrodes (Pals Flex,
Axelgaard Mfg. ) were employed for laboratory and
home use (3x5 cm). Home stimulation: A portable,
eight channel ES system provided asymmetrical or
symmetrical biphasic pulses (300 -350 uS, 33 -100 pps) at
0-150 mA. Pulse width and /or pulse amplitude
modulation were  available  for ramping up or down.
Duty cycle and ramp (1 -200 pulses) were
programmable.

Procedure: SCI subjects exercised with ES for 2
hours /day at home and came to the laboratory two or
three times weekly (8 -12 weeks) for work -goal oriented
exercise. During laboratory exercise, KEM provided
feedback for stimulus amplitude adjustment to
maintain the target force production. Knee range of
motion was limited to 10-80 degrees. Laboratory ES
exercise was continued on each visit until the KE work
performed exceeded the previous exercise session.

Repeated measurement of peak KEM, work production
and fatiguability documented change. Closed -loop ES
fatigue curves (maximum contraction over 40 knee
extensions, 60 deg /sec) demonstrated peak KEM and
several indices of fatigue. Maximum work performed
prior to fa tigue was cons idered in re lation to the
resistance to passive knee motion (5-230 deg /sec) on
the same test day.

Results

Peak KEM, total work performed and fatigue resistance
improved significantly as a result of the FNS exercise
protocol (p <.01). Although subjects varied in body size
and gender, all but one subject achieved greater than
40% of predicted isokinetic knee extension peak
moment at 60 deg /sec. Improvements in peak KEM
were associated with a reduction in interfering
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ha ms tr in g s p as tic ity an d with the ab ility to util ize
greater c urrent intens ity as  jo int  c rep itus  and  s p as tic ity
d imin is he d  o v er t he weeks  o f F NS  e xerc is e.

Alt era tio ns  in F NS  mu s c le p erf o rmanc e d uring the  ES
pro toc o l varied a mo n g subjec ts as a res ult of
d iffe renc es  in  s en s o ry  and  reflexive  s ta tus . 3 sub jects
we r e c ho s en to d emo ns tra te variab ility in FNS
res p o ns es .  T he firs t  was  a T 6 c o mp lete p arap legic  with
no  s ens atio n o r mo to r c o ntro l in the lo wer limb s .  At 17
years  after S CI,  s p as tic ity was  p res ent b ut d id  no t limit
p as s ive kn e e mo v e me n t or interfere with ES knee
mo t io n.

Subject 1 Pre FNS Post FNS

Peak Moment 50 65
N m

Total Work (Nm-deg)
40 reps 722 1182
75 reps 1078 2511

% P e ak Mo me nt
Re p 7 90 98
Rep 40 28 46

# Re ps  to  5 0 % Pe ak KEM 26 38

I mp r o v e me n t  in p eak KEM an d wo rk values were
as s o c iat ed  with th e u s e  o f  g rea te r s t imulus  amp litu d e
as  knee c rep itus  d ec reas ed  (F ig 1).
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Fig 1. KE recruitment curves (60 deg /S). 1 =pre FNS, 4=end
FNS. Red uc ed knee c repitus  permitted  higher amplitud e
( >150 mA). The shift to the right by 3 weeks (2 -2) may reflect
reduced quadric eps spas ticity.

Subject 2 was a T10 incomplete paraplegic with
severely impaired sensation and no motor control. At
18 years after SCI, moderate spasticity interfered with
function and limited knee movement. Daily change in
spasticity contributed to marked differences in muscle
performance in the early weeks of FNS exercise. The
magnitude of day to day fluctuation diminished over
time (Fig 2). Improvement in ES peak moment and
work values was associated with improved knee
crepitus  and the  use of greater stimulus intensity as
well as reduced interference from quadriceps and
hamstring spasticity.

Subject 2 Pre FNS Post FNS

Peak Moment (Nm) 24 nc

Total Work (Nm -deg)
40 reps 424 1291
75 reps 632 2124

% Peak Moment
Rep 7 77 93
Rep 40 72 57

# Reps to 50%
Peak Moment 26 38
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Fig. 2. A. P re FNS : q uad ric eps  spasticity d ocumented  as
KEM during pas sive knee flexion (5 deg /S). Hamstring
spasticity s een as  flexion moments d uring KE. 70/539 KE
repetitions altered by spasticity during FNS exercise. B. Post
FNS: spastic ity minimal (5 deg /S) and 1/462 KE repetitions
altered by spasticity.
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Subject 3 became a T10 incomplete SCI 12 years ago.
She re ta ined almost normal sensation but no motor
control in the experimental (left) lower limb. Spasticity
was mild. Discomfort was a major limiting factor in
FNS force production. Pulse  width was adjusted to
begin ramping at 100 uS (vs 10 uS) and pulse repetition
rate (ppr) was increased to 50 pps to improve comfort.
Mental effort to assist FNS knee extension improved
current tolerance.

Subject 3: L
No vol motor Pre FNS Post FNS

+

sensation

Peak Moment (Nm) 21 42

Total Work (Nm-deg)
40 reps 437 949
75 reps Unable 2066

%

Peak Moment
Rep 7 76 82
Rep 40 50 69

FNS exercise was also used in this subject's right leg in
which she had minimal quadriceps control (Trace) and
impaired sensation. She could activate spasticity to
augment her trace muscle. Voluntary effort combined
with ES improved her muscle performance.

Subject 3: R
Trace motor, Pre FNS Post FNS

sensation

Peak Moment (Nm)
Vol 12 16
ES (Max to]) 22 44
Vol

+

ES 37 69

Total Work (Nm-deg)
Vol

+

ES
40 reps 484 1483

75 reps 495 1943

% Peak Moment
Vol

+

ES
Rep 7 70 90

Rep 40 31 38

Discussion

The diversity demonstrated in this sample is reflective
of the clinical findings in SCI. If the scope of
therapeutic and functional electrical stimulation is to be
expanded to include the large number of incomplete
patients, the uniqueness of each patient must be
appreciated. All subjects improved in muscle
performance as a result of the FNS protocol. Improved
fatigue resistance was reflected in the maintenance of
knee extens ion moment over a  greater number of
muscle contractions. Subjects were able to maintain
useful knee extension force for up to 600 repetitions at
a ra te that simulates the normal gait cycle duration
(rest interval of 1.5 seconds). The consistent
improvement in force  maintenance over the firs t 7
repetitions may reflect a shift toward a more oxidative
profile as a result of the FNS protocol. Reduction of
interfering spasticity contributed to improved peak
moments and work, as well as reliability of PNS muscle
contraction. Increased peak knee extension force also

was associated with reduced knee symptoms and
increased investigator comfort in applying greater
stimulus intensities. This is in contrast to study
designs in which peak moment limits are pre-
determined for this osteoporotic  patient group. The
stimulus modifications necessary to make stimulation
tolerable to patients with sensation are  noteworthy.
The majority of SCI, and other, patients retain some
sensation. The ability to select ramp strategies, prr and
pulse duration is critical to success. Minimal volitional
muscle contraction may be useful in combination with
FNS to augment the incomplete patient's muscle
performance.

Conclusion

The closed -loop, work -goal exercise regimen used in
this project, combined with a sub - maximal, home
exercise protocol resulted in both increased peak KEM
and fatigue resis tance. The improvements were both
statistically and clinically significant when referenced
to daily functional demands. The success of FNS
protocols is contingent upon comfort of the exercise for
patients with sensation. These findings have
application to the rehabilitation of SCI patients and to
the use of FNS systems for limb function.
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13.2
NUCLEUS FES -22 STIMULATOR FOR MOTOR FUNCTION IN A PARAPLEGIC SUBJECT.

Ross Davis *, Janus Kuzma, James Patrick &, James WMeller't,
James McKendry,Richard Eckhouse* *,and Sandra E.Emmons *.
*Neurosurgery,* Orthopedics, Kennebec Valley Medical Center, Augusta, ME; * *Math &Computer Science, U. Mass.
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Abstract: The "Cochlear Mini -22" channel implantable
cochlear stimulator (Cochlear Pty. Ltd., Nucleus Group,
Lane Cove, N.S.W., Australia) has been modified into a
functional electrical stimulator ( "Nucleus FES -22" ) by
re- engineering and computer programming. Initially in
1985, it was used for animal testing; then in 1991 it
was redesigned for human implantation to stimulate
upper or lower extremity motor - nerves. The
implantable radio - receiver has connector ports for each
of the 22 peripheral connector leads and electrodes.
Individual or multiple channels can be sequenced and
adjusted for their individual pulse amplitude, width and
frequency so allowing activation of single and /or
multiple motor - nerves. The U.S. Food and Drug
Administration has given an investigational device
exemption to allow this system to be implanted in a
paraplegic subject for bilateral lower extremity
stimulation. In November 1991 , a 22 year old
paraplegic male was implanted with the system; the
individual channel- electrode -nerve thresholds and
maximum levels for each muscles contractions have been
measured. These responses will be studied monthly for
the first 6 months, before exercising and functional limb
movements will be attempted.

Introduction

Since Kantrowitz ( 7) in 1963 was able to raise a
paraplegic subject into a standing position using FES
through surface electrodes applied to the quadriceps
muscles, problems of spastic reflexes initiated by skin
surface stimulation and the lack of specificity plus the
inability to penetrate to deep muscles in paraplegic
subjects have been overcome by implanting stimulating
electrodes directly onto peripheral nerves ( 10, 5, 2) or
using deeply placed percutoneous wire electrode3to
muscle motor points (9). In 1970 Willemon et al. ( 10)
implanted epineural cuff electrodes onto the femoral and
inferior gluteal nerves in a complete T -5 paraplegic
subject who was able to stand in the erect posture. In
1972, Davis and Gesink (5) implanted a T -5 paraplegic
subject with bilateral persneal nerve stimulators fitted
with exercise groups increased in circumference by
24 %. In 1973, Cooper et al, (2) implanted electrodes
onto the femoral and sciatic nerves in a T -1 i paraplegic
to achieve walker assisted gait up to 40 feet. Brindley et
al. ( 1) in 1978 was able to produce standing with
crutches and "swing through" gait through a series of
radio receiver - stimulating systems. Thoma et al. (6)
implanted radio linked 16- channel stimulator in4
paraplegic patients in 1983. Following the training
period the 4 subjects could walk 100 meters and stand
for 20 minutes. Marso1aiset al. (9) uses percuteneous
wire electrodes to deliver precise patterns of sequencing
through 32 channels of stimulations for standing,

walking, and stepping for stair climbing; 6 of their 15
subjects were able to walk up to 250 meters. As a
result, we were encouraged to develop an Implantable
22- channel nerve stimulating system ( "Nucleus FES -
22" ) for control of the lower extremities in the
paraplegic subject (3,4).

Method

The FES -22 stimulator uses the same 2.5 Mhz radio -
frequency (RF) link as the Mini -22 cochlear implant.
This provides power and data to the implant. The FES -22
circuitry consists of twoof the integrated circuits used
in the Mini -22 device. These circuits are connected In
parallel to provide increased output current. The
implant case is cylindrical with a diameter of 80 mm and
thickness of 30 mm, It is made of molded epoxy, There
are 22 sockets around the periphery for connection of the
electrode leads.

The external system used to program the implant
is also similar to that used for cochlear prostheses. An
IBM compatible personal computer is used to control
stimulation. The computer interfaces with a wearable
signal processor through two printed circuit boards in
the computer and an external interface box. The
wearable signal processor is a cochlear implant speech
processor modified for increased RF output. Specialized
software has been written to measure and store the
muscle name, threshold level, maximum stimulation
level and desired stimulation level for each electrode.
The program also allows for ON /OFF cycling of individual
electrodes as well as sequencing of combinations of
electrodes,adjustments can be made for their individual
pulse amplitude, width and frequency. The maximum
output of the stimulator is 4.30 milliampere, at 400
msec pulse width ( balanced pulse).

A 22 year old male was rendered completely paraplegic
in an ATV accident in 1986. He underwent a conditioning
program. For one year prior to the implantation he has
been stimulatinq the quadriceps and the oeroneal nerves
bilaterally with stimulating with the "Respond" external
stimulator (Medtronic, Inc., Minneapolis, MN). After
several weeks of slow conditioning his muscle
contractions were considered quite strong and as a result
he became a candidate for the implantation of the FES
stimulator. In November 1991, he started the first of 3
operations which were spaced 2 weeks apart with a total
operating time of approximately 20 hours. After the
wounds had healed and the tissues stabilized he was tested
through the radio receiver for each of the 20 motor
nerves that were implanted with the electrodes. The
testing took place on January 3, 1992.

228 RESNA International  '92 • June 6 -11, 1992



FES - PARAPLEGIA

There were 20 out of the 22 available electrode lines
implanted on 10 nerves in each lower extremity and they
were placed almost symmetrically. There are 20X 60 cm
connecting leads from the radio receiver down to the
electrode sites. The electrodes had various lengths of lead
to connect so thatthey could accurately reach the nerve
for their attachment. The nerves were not disturbed and
were not dissected if possible. The 2.5 mm platinum disc
electrode were placed on the surface of the nerve to
obtain the best threshold and maximum responses. The
outer silastic rim around the electrode was sutured with
6'0' to 7'0' nylon sutures to the adjacent tissues. The
femoral nerve distribution, as well as the sciatic nerve
distribution were relatively easier to implant when
compared to the superior and inferior gluteal nerves
which required more charge to initiate a muscle
response.

The following muscles had an electrode attached to their
motor nerve: - rectus femorus, the 3 quadricep muscles,
the superior and inferior gluteal nerves, the
semimembranosus /tendinosus, the peroneal and tibia)

nerves.

When each electrode became a cathode to stimulate the
other 19 electrodes became the anode for return pathway
of the current.

Results

The surgical procedure was considered a learning
experlence. There is at this time no indication of any
infection. The blood count and urine were examined in
the laboratory on January 3, 1992 without any
indication of infection. Ai the first operation the radio
receiver was implanted on the right side of the lower
costal margin and since he had a level of sensation below
this he was anesthetized for the first procedure. During
the first procedure the femoral nerves and their
branches were implanted. The second procedure was the
implantation of the right posterior nerves including

glutea) and sciatic branches. The third procedure was on
the left lower extremity with similar nerves Implanted.

The threshold of stimulation as of January 3, 1992
showed that 10 nerves had less then 1 mA as their
threshold at 200 msec pulse width stimulating at 30
pulses per second. Three nerves had thresholds at 1.0 to
1.5 mA. One nerve required 1.90 mA, another nerve
required 2.0 mA and 5 nerves required between 3 and
4.3 mA to initiate their movement. These were
principally the gluteal nerves and the muscles
thamcalvac were not giving a very strong response at the
t!me of surgery.
For maximum contractions the current levels were as
follows. Three nerves reached their maximum at
between .55 and 1 mA. Six nerves reached their
maximum between 1.0 and 2.0 mA. Three nerves reached
their maximum between 2.1 and 3.0. Eight nerves
reached their maximum between 3.1 and 4.3 mA. The
electrodes for 2 future nerve attachments are In place in
the medial thigh and this will be a decision made in the
next year as to whether to connect them to the obturator

nerve.

Discussion

The feasibility of modifying a presently widely used
Cochlear implant into a functional electrical stimulator
for the control of paralyzed extremities has been
attempted. The surgical procedure so far appears
practical. It will be important over the next 4 to 5
months to know that the electrodes remain in close
contact with the nerves and that the thresholds and
maximum values are maintained. Quantitative
measurements of muscle movement and strength will be
obtained. Also further use of pulse width will be done to
bring weaker muscles into stronger contractions.
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The Use of a Powered Orthotic Device to Aid Individuals with a Loss of Bipedal
Locomotion

John E. Beard, Michigan Technological University; James C. Conwell and D. Scott Rogers, Louisiana
State University; and Mary -Nell Anderson, Ochsner Clinic of Baton Rouge

ABSTRACT

A recent study of the current methods to restore
gait to patients suffering from permanent below
waist paralysis indicates the majority of biome -
chanical research for below waist paralysis can be
characterized into two areas: functional neuro-
muscular stimulation (FNS), and mechanical syn-
thesis type devices. This paper is  the description
of a powered exoskeleton that provides a C2I with
bipedal locomotion. The synthesis of the mech-
anism plus the determination of an "acceptable
gait" is described.

NOMENCLATURE

TR(; _ %a of cycle from atandiny to heal strike
of eycla from heel strike to atnndinq

gxiy = angle of the thigh relative to
the torso.

OK.. = angle of the shank relative to
the torso.

OBgiy = maximum rotation angle of the
thigh relative to the torso.

INTRODUCTION

To test the potential of lightweight, power assisted
orthotic devices to aid individuals with a loss of
bipedal locomotion, a prototype device was con-
structed that provides both powered hip and knee
flexion. The powered gait orthosis (PGO) was
tested to determine if:
A) A lightweight PGO was technically feasible
from the power /energy requirement.
B) A paraplegic or quadraplegic would be able to
ambulate with minimal or no external assistance.
C) A PGO would be economically viable.

The design of the mechanical /electrical portion
of the problem required quantification of what
type device was needed for the range of injury,
patient skill, etc. Rehabilitation physicians and
physical therapists interviewed paraplegics and
quadraplegics to establish the minimal external
assistance needed to help them walk. It was de-
termined that an orthotic device providing the
power to move the leg through the step would
remove a signficant barrier to bipedal locomotion.
Because external support was provided, an active

control system to balance the user was not needed.
This enabled the investigators to concentrate on
the design and analysis of a powered gait ortho-
sis (PGO) capable of walking an individual on a
smooth, level surface. The power requirements
needed were based on the power exerted by an
individual during normal walking (1). Although
the investigators realized that a PGO would prob-
ably require more energy from the power source,
a Ni -cad battery for this prototype, this assump-
tion was used to establish a minimal output power
requirement for the device.

Patients selected for the study had vastly different
injuries. A brief summary of a particular patient
is as follows:

Subject II is a 20 year old male. He is a C2 incom-
plete quadriplegic secondary to a diving accident
that occured in 1986. He also suffered a head in-
jury that impared his cognition. His motivation
was excellent and he had previously been mini-
mally successful with the RGO.

To synthesize a mechanism that would provide the
desired walking motion, first an acceptable gait
was needed from which a function could be de-
termined. First examine "normal" walking where
normal walking is defined by Inman (2) as "The
term walking is nonspecific. Its connotation is
that of a cyclic pattern of bodily movements that
is repeated over and over, step after step. Conse-
quently, descriptions of walking customarily deal
with what happens in the course of just one cy-
cle, with the assumption that successive cycles are
all about the same." Figure 2 shows the hip angle
and shank angle versus the percent of the cycle for
an adult male. It was shown by Townsend, et -al
(3) that walking can be represented by a periodic
function that is the sum of polynomial and Fourier
series. A Fourier series was used to define the hip
angle versus percent of cycle as shown in Figure
2. Although normal gait can be represented by a
function no technical definition of an acceptable
gait function for a paraplegic was available, how-
ever, Riegel, et -al (4) proposed a rather loose tech-
nical definition of gait as "anything that worked."
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Because the goal is  to  help a paraplegic regain
bipedal locomotion, both patient and physician
will accept most any gait that is safe and moves
the patient, however this definition is not sufficent
for the purpose of kinematic synthesis. By exam-
ining traditional patient powered orthoses, mini-
mal kinematic parameters were determined. The
three degree of freedom hip joint and six degree -
of- freedom knee joint of the human body could
each be constrained to a one degree -of- freedom
joint and still approximate normal walking. The
orthosis has revolute joints at both the hip and
knee with their axes of rotation normal to  the
sagittal plane. In the sagittal plane there are three
important parameters of the gait to be emulated.
They are:

• The time ratio of the gait, TRH.

• WHlp, the magnitude of the rotation of the hip
relative to the torso.

• Foot trajectory (path) in the sagittal plane (the
foot is rigidly attached to the shank and does not
rotate relative to the shank).

The biomechanical implication of the time ratio
of the gait, denoted as TRG, is the ratio of the
time the foot is unsupported to the time the foot
is in contact with the floor. Experimental results
from six adult males walking at various speeds
were used to establish initial time ratio ranges.
The tests had time ratios that varied from 0.98 to
1.27.

Although normal walking varies from individual
to individual and there is not one correct function
for a group or even an individual the time ratio,
OBHip, and foot trajectory can be viewed as an in-
variant during the initial design phase. To design
the POO first examine the plot of the hip angle

(OH;,)versus the percent of cycle shown in Figure
2. The Fourier series used to approximate both
the hip and knee are

BHi, = 293.50° — 18.18 cos(2rX) — 2.74 cos(4rX )
—0.67 cos(6rX) — 0.94 cos(8rX)
1-0.16 cos(10rX)+ 10.096 sin(2rX)

—5.28 sin(4rX) t 1.43 sin(6rX)
— 0.98sin(8rX)+1.46sin(10rX) (1)

and

OKn , = 271.45° — 8.07 cos(2rX) + 6.79 cos(4rX)
—3.86 cos(6rX) + 2.22 cos(8rX)

—19.04 sin(2rX) + 2.22 sin(47rX)
—0.98 sin(6rX) + 0.59 sin(8rX) (2)

where 0.00 <  X < 1.00. Time ratios observed
from experimental data (5) ranged from 0.84 to
1.27 and OBHii, ranged from 30° to 54 °. The
gait function to be emulated was determined from
experimental data obtained using instrumented
linkages from "normal" walking in a controlled
environment (5,6).

In normal walking the individual starts in a
monopedal period. Once each leg has completed a
cycle the individual is now in bipedal motion. The
user of the POO starts  in  a monopedal motion
with both feet together, takes one step, moves the
stability aid (crutches or walker) and then moves
the other leg. Therefore, as the individual walks
using the POO, they have both feet together at
the beginning and the end of each step. This
motion is a combination of the monopedal and
bipedal phase and requires an increased pelvic lift
so the foot will clear the floor. The energy expen-
diture for this form of modified walking is greater
than "normal" walking even though all energy to
move the lower limbs is provided by the POO.

CONCLUSIONS

A Cal quadriplegic tested the POO. A 200 watt
motor with an output velocity of 17.5 RPM was
sufficient to power the hip and knee. The provided
a maximum gait speed of 17.5 steps /minute. The
peak power measured was 91 watts. The aver-
age walking speed of the user in the POO is 12
steps /min. (each step is 0.3 m). The normal walk-
ing speed of the same size person is 60 steps /min
to 90 steps /min (each step is 0.75 m). The walk-
ing speed of the user in  the POO includes the
time necessary to move the secondary means of
balance.

One of the initial goals of the project was to de-
termine the practically of the POO concept. The
POO was successful in demostrating the potential
of lightweight, self - powered, exoskeletal devices to
restore bipedal locomotion.
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TOTAL POWER OUTPUT MEASUREMENT DURING FES LEG CYCLE ERGOMETRY
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ABSTRACT

The purposes of this study were: 1) to  de te rmine  the
magnitude of unmeasured power output (PO) during
exercise with the "ERGYS" functional electrical stimulation
leg cycle ergometer (FES -LCE), and 2) to estimate the
actua l total  PO at each resistance increment with the
ERGYS. Sixteen spinal cord Injured Individuals
performed steady -rate exercise tests providing aerobic
energy expenditure (oxygen uptake, VO2p) data at rest,
during f ully assisted FES LCE ('true 0-W "; i.e., passive
pedaling maintained by a constant - velocity motor),
during FES - induced LCE at 0 -W (unloaded), and during
FES - induced 6.1 -W LCE. The increase in V02 was found
to be 0.172 L /min when the ERGYS PO was increased
from 0 to 6.1 -W (i.e., from 0 kp to 1/8 kp load resistance
Indicated). The dif ference in VOZ between the 100% -
assisted ('true  0 W ") and the  indicated  0 -W  stage was
0.220 L /min. By extrapolation, the 0.172 -L /min V02
Increase for the 6.1 -W PO increase showed that the
0.220 -L /min V02 Increase from true 0 W to the indicated
0 -W PO represents the equivalent of 7.8 W of
unmeasured PO. This unmeasured  PO may be  due to
factors such as internal friction of the device, limb weight,
viscosity/ friction of muscles, and joints, and limited
range of motion. Therefore, 7.8 W may be added to each
Indicated ERGYS PO level to ref lect the actual total PO.

INTRODUCTION

The "ERGYS I" (Therapeutic Technologies Inc., Tampa,
FL) is a leg cycle e rgometer (LCE) driven by functional
electrical stimulation (FES) of paralyzed leg muscles.
The primary objective of this medically- prescribed FES -
LCE exercise therapy is to improve
aerobic /cardiovascular physical fitness in order to
prevent /reverse muitisystem physiological deterioration
and disuse atrophy afte r spinal co rd injury (SCI). Peak
metabolic and  cardiopulmonary responses  during FES -
LCE have been shown to Increase significantly above rest
In SCI individuals during exercise testing, and substantial
gains in fitness have been realized following training
programs [1,2].

Power output (PO) during FES -LCE can be computed
from the cyc ling cadence  (rpm) and the res istance load
or frictional b raking  fo rce  (kp) electronically appl ied to
the f lywheel: PO = kp  x rpm x 0 .98 , where  0 .98  is  a
constant convert ing the PO units from kpm /min to W (6
m /f lywheel revolution / 6.12 kpm /min/W). For example,
standard calculations will show that a typical ERGYS user
cycl ing at an Indicated 1 /8 -kp resistance and 50 -rpm
cadence is performing at a PO of 6.1 W. Resistance and
cadence  on the ERGYS may range f rom 0 (unloaded
flywheel) to 7/8 kp  and from 35 to 50 rpm, respectively.
There fore , PO may range f rom 0 to  42.7 W. However,
ERGYS users typically use the lower PO leve ls ( i.e., 0-
12.2 W) for endurance exercise, especially if  they are not
highly trained [3].

Since most ergometers (inc luding the ERGYS) measure
PO at the Internal braking force  mechanism, it excludes
PO attributable to several sources of resistance /friction
which must be overcome to perform active exercise. For
FES -LCE operation, sources of unmeasured

1 3 . 4

resistance /friction (internal and external) Include the
chain, sprockets, bearings, ankle -foot orthoses, leg
guides that prevent excessive hip rotation, and
characteris tics  of  the  use r such as  leg  weight, muscle
spasticity; muscle, joint and f luid  viscosity /friction; and
possibly restrictive influences of clothing, electrodes,
adhes ive tape, seat surface, and joint inflexibility [4].
Thus, the ERGYS does not measure the actual total  PO
performed by the individual. This actual total PO is
higher than that indicated by the ergometer since several
components of unmeasured work are not included in the
calculation [5,6].

Since the physical capability of untrained SCI individuals
during FES -LCE is relatively low, it would be desirable to
know the actual total  PO. Therefore, the purposes of this
study were 1) to determine the magnitude of unmeasured
PO during FES -LCE with the ERGYS using an
extrapolation technique, and 2) to estimate the actual PO
at the indicated 0 kp resistance, as well as the additional
PO required to perform each 1 /8 -kp resistance increment
above 0 kp. Such information is  important f or more
complete physiologic and mechanical analysis of  this
exercise, and it would help guide further engineering
analysis of this device.

METHODS

blects
Sixteen chronic SCI individuals served as subjects for this
study. The average  age was  approximate ly 34  years
(range: 20 -51 years); two were female and fourteen were
male; nine were paraplegic (SCI levels T4 -T11) and seven
were quadriplegic (C5-C8). Subjects were trained
sufficiently in FES -LCE to be able to complete the
exercise test protocol.

Procedures
Subjects performed a continuous graded exercise test at
50 rpm pedaling rate using an "ERGYS" FES -LCE. Each
stage of this test was 5 -min In duration as follows: 1) rest,
2) passive cycling (subthreshold FES) where a technician
turned  the pedal manually, 3 ) constant veloc ity cycling
where a motor was used to drive the flywheel and
minimal FES was used to achieve the  target velocity
( "100% assist ", true 0 -W PO), 4) FES cycling where the
motor performed 50% of the PO, and 5) FES pedaling at
0 -W PO as indicated by no flywheel resistance load.
Steady -rate V02 values were determined by open - circuit
spirometry during  the  f if th minute of each stage. In
addition, data are reported for these same subjects from
a previous FES -LCE exercise test to provide V02 data at
6.1 W as indicated by 1/8 kp f lywheel load resistance.

To account for the unmeasured PO that is not accounted
for by the f lywheel resistance measurement, changes in
the aerobic metabolic energy (V02) that occurred  at the
various test stages were used. For this, the relationship
between indicated PO and V02  was de te rmined. By
knowing the  di f fe rence in V02 between 0  and 6.1 W
indicated PO, the actual PO for "true 0 W" can be
extrapolated from the V02 level. Thus, the PO calculated
from the ERGYS can be adjusted to take into account the
unmeasured PO so that true total PO can be known.
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RESULTS AND DISCUSSION

All subjects completed all stages of the required exercise
tests. Mean ± SE data f or V02  during  each s tage are
presented in Table 1. Figure 1 illustrates the linear
relationship  between PO and  V02  fo r each tes t s tage .
Since we cannot directly measure all internal and external
sources of resis tance that contribute to the to tal P0, the
metabolic effect of various exercise loads upon the
subjects was used to obtain this information through
Indirect means. This method  assumes that V02 was not
substantially affected  by fac tors other than those related
to performing the exercise.

Table 1. Mean ± SE oxygen up take  002) responses

and corresponding estimated total power
output (PO) of spinal cord injured  subjects
(N =16) during FES leg cycle ergometry.

Stage VOZ Estimated Actual
(L /mm) Total PO (W)

Rest 0.190 + 0.011 - --
100% Assist 0.286 + 0.019 0
50% Assist 0.409 + 0.021 3.9
0 W 0.506 + 0.031 7.8
6.1 W 0.678 + 0.040 14.0
12.2 W 20.1
18.3 W 26.2
24.5 W 32.3
30.6 W 38.5
36.8 W 44.6
42.9 W 50.7

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

V 0 2
(L /min) 6.1 W

0.172
L /min

0.220
L /min

7.8 W

REST 100% 50% 0 W 6.1 W

The dif ference In V02 between the "true 0 -W" PO (100% -
assist) stage and the FES cycling at the "indicated 0 -W"
PO stage was 0.220 L /min. The difference in V02
between the "indicated 0 -W" PO stage and the 6.1 -W PO
stage was 0.172 L /min. Since 0.172 L /min represents a
6.1 -W PO Increment, then by proportion, 0.220 L /min
denoted that the actual PO at the indicated 0 -W PO level
Is 7.8 W. Thus, 7.8 W  can be added to all indicated PO
levels so that the actual total PO can be recorded.

Although a PO of 7.8 W is relatively low for able - bodied
adults performing leg ergometry voluntarily (i.e., fit
Individuals can typically achieve 200 W PO), it represents
a major portion of the PO that can be achieved by many
SCI FES -LCE users. Indeed, most individuals initiate
exercise at 0 -W I ndicated PO and progress to 6.1 W in
several weeks. in actuali ty, "true  PO"  would  be about
14 .0  W  which is 128% higher than the indicated PO.
Thus, to quantify their PO capability more accurately and
to better chart the ir progress, this PO adjustment would
be appropriate. During research and clinical
assessments, SCI persons may require individual
evaluation of total PO during FNS -LCE depending upon
ind ividual characteristics such as body size, spasticity,
etc. Thus, actual total PO information may be useful to
inco rporate  such test ing into the evaluation process  of
each prospective FNS -LCE user. in addition, actual total
PO information may facilitate further physiologic,
blomechanical and engineering analyses of FES -LCE
exercise.
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ABSTRACT

A distributed random electrical neuro-
muscular stimulation (ENMS) of ten ventral root
channels was used in this study to stimulate cat
soleus muscle. The influence of varying
inter- stimulus intervals (ISI) and the interaction of
the ISI statistics with the compound motor unit
action potential ( CMUAP) on EMG power
spectra were assessed theoretically using a
mathematical model and experimentally using the
data obtained from cat soleus muscle. Theoretical
and experimental results suggest that (1) the
interaction of the ISI statistics with the shape of
the CMUAP si nificantly influence the EMGspectrum; and 12) that the EMG spectrum of

electrical random stimulation of muscle shows
peaks at the mean rate of stimulation and multiples
of it when the ISI variation coefficient is small, and
that these peaks decrease in magnitude with
increasing frequency and increasing values of the
coefficient of variation of ISI.

I. INTRODUCTION
For ENMS to work satisfactorily in a given

situation, it is necessary to select proper
stimulation parameters and employ stimulation
strategies in accordance with findings from
research in electropbysiolo .& y. A literature review
of electrophysiological studies of muscle identifies
the following important points 11,2,4,5,8]:1)
voluntary contraction of skeletal muscle is
controlled by the number of motor units, which are
progressively recruited according to the size
pnnci le, and the rate of firing of each unit;  2)
Signals from active motor units are uncorrelated
during low and medium voluntary efforts, and
become synchronized at high efforts; and 3) Firing
of alpha motor neurons is a random process, i.e.,
the time interval between two successive spikes is
a random variable described by a probability
density function (pdf). These random firing
patterns of motor units have been widely studied
during voluntary contractions in human skeletal
muscles [1,2,4,7,9].

Partly due to technical difficulties and partly
due to lack of adequate information, early
research involving ENMS did not adequately
represent the actual physiologic situation In the
1970s some researchers started to incorporate
physiological findings into research using ENMS.
Working on the lower leg of the cat, Petrofsky
described a computer - controlled stimulator and
special electrode array, which could control the
recruitment pattern of motor units during
electrical stimulation [10]. More recently, a
neuro - muscular stimulation system was
introduced that can be used to change forces in

13.5

skeletal muscle by varying motor unit firing rate
and recruitment control strategies [11]. Using this
system, the relation between force and EMG has
been carefully studied. However, with only a few
exceptions [6), these studies did not consider that
the inter -spike interval (ISI) (in the case of
stimulation ISI represents the inter - stimulus
interval) is random.

In this study, we have used a distributed and
random neuro- muscular stimulation scheme which
allowed to control the recruitment of motor units
and the ISI statistics. The power spectrum of EMG
signal was chosen as an indicator on how well the
EMG produced by the ENMS compared to that of
voluntary contractions. Since it  is difficult to
evaluate each possible ISI modification
experimentally, a mathematical model was used
to predict the EMG spectrum of a given
stimulation design. Results of the theoretical
analysis were compared to experimental results
obtained using distributed random ENMS of 10
ventral root filaments of cat soleus muscle. In this
paper, emphasis will be placed on the effects of the
ISI statistics and its interplay with the CMUAP on
the EMG spectrum. This work provides
information of reproducing 'normal' muscle
activation, under which meaningful EMG -force
relationship can be studied.

II. SPECTRAL EXPRESSION FOR
DISTRIBUTED RANDOM ENMS

The idea of distributed random ENMS results
from electrophysiological findings [4,8,9]. In this
section we use a structural model to investigate
systematically how ISI patterns and the CMUAP
interplay in reproducing EMG spectrum. In the
structural moddeI, ui(t),1 = 1, 2,..., m, is the stimuli
signal train, which corresponds to the innervation
signal for the fibers of the ith  channel and is
considered, as in physiological case, a renewal
point process with known ISI pdf f x ,( x) [3]. With
uncorrelated channels, the power density spectrum
(PDS), 4, y,, (1), is given by

1 .
r F=,(f) F . , ( f ) 1 a

where the superscript * represents the complex
conjugate, m  is the number of stimulation
channels, F x; (f ) is the Fourier transform of the
ISI pdf f

x;

(x I  P, ( f ) is the Fourier transform of
the CMUAP in the ith  channel, and X, is  the
stimulation rate (SR) of the ith  channel. The
formulation given by Equation 1 indicates that the
EMG spectrum of simultaneous distributed
ENMS is the sum of the spectra of the individual
channels. It is clear that the spectrum of EMG
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signals depends not only on the spectrum P (f) of
the individual CMUAP, but also on the ISI pdf
f xi(x

Since a Gaussian distribution of inter -spike
intervals has been reported previously 12], we
adopted this distribution model for producing
ENMS involving random stimulation. Withf x( x )
a Gaussian distribution and the same ISI variance
across all stimulation channels, we have from
Equation 1,

s i n h [ 2 ( n  / o . ) z ) z
cosh [2(nlo.)'1- cos(2n1 / .,) P(f)  .1r0. ( 2 )

where a x is the standard deviation of the ISI.
Equation 2 indicates the following points: (1)
depending on the variance of the ISI, the power
density spectrum (PYY( f ) may or may not show
peaks at harmonics of the firing rate; (2) the
strengths of the peaks induced by the firing rate
depends on the ISI variation coefficients defined
by c = axA; and (3) the PDS progresses towards a
line spectrum when a x -  Q

Ill. ENMS ON CAT SOLEUS MUSCLE

In vivo measurements of EMG signals were
obtained from cat soleus muscle. The cat was
anesthetized and placed in a stereotactic frame in
a prone position with its hind limbs rigidly locked
to the frame. Ventral roots L7 and S1 were
exposed, separated from one another, and
carefully divided into bundles. Each of these
bundles was hung over a separate bipolar electrode
for individual and simultaneous distributed
stimulations. The stimulations using patterns
generated from computer simulation were applied
to the ventral root filaments via the electrode.
EMG signals from stimulations of each of the ten
nerve bundles individually (finger prints) and
simultaneous stimulation of all ten channels were
measured using a pair of indwelling electrodes.
EMG signals were digitized on line and stored on
a computer. Blood pressure, core temperature and
muscle temperature of the cat were monitored
continuously and were kept constant throughout
the experiment.

VI. RESULTS AND DISCUSSION
For a given CMUAP, the spectrum of an EMG

signal calculated using Equation 2 is plotted with
m =1 in Figures 1 and 2 for different values of r-
We can see from these figures that the influence
of the ISI statistics on the PDS dominates the low
freqquency region, and that peaks are introduced at
multiples of the SR (or firing rate), as observed
experimentally by other investigators [7,9]. Such
changes in the PDS induced by the ISI statistics
may reflect variations in activation.

The power density spectrum of each
experimental EMG signal was estimated using a
512 -point fast Fourier transform (FFT) algorithm,
and then averaged over four consecutive segments.
Figure 3 gives two representative spectra of

experimental EMG signals with the same µ and
different values of r- These results strongly support
the mathematical predictions discussed above and
computer simulation results reported previously
[12] that (1) the EMG signal spectrum shows peaks
at the SR (or firing rate) and its multiples when
the coefficient of the ISI variation is small; and (2)
the PDS envelope is controlled by the CMUAP
waveform and its details by the ISI stimulus
statistics. As a conclusion, in ENMS studies, it is
advisable to introduce variations in the
inter - stimulus interval, in order to produce muscle
behavior similar to that of voluntary contractions.
Taken all observations together, the results suggest
that ISI variation coefficients of between 5% and
35% are required in artificial ENMS experiments
to obtain a result comparable to that of voluntary
contractions.
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Figure 1. (a) PDS of Gaussian point process with X  - 20 pps
and c  - 0.08, (b) I P(1) 1 z for the CMUAP, (c) PDS of the
EMG s ignal.
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Abstract
The purpose of this study was to explore the function of
electrically s timulated muscles dur ing leg c yc le
ergometry. A one de gre e  of  f re ed o m mo de l wa s
devel oped whi ch allows the di re c ti on o f the
acceleration resulting from a muscle torque acting at the
knee or hip to be determined from geometric
considerations. From this  directional information,
crank positions  can be found where  s timulation of a
particular muscle will  e ither help or hinder forward
motion of the crank. These positions are compared for
several different sets  of geometries  of the  leg cycle
ergometer. The theoretical results  are  a lso used to
evaluate the stimulation patterns currently used in the
commercially available ERGYS systeml. Clinical FES
sys tems , such as the ERGYS, typically use the same
sequence of stimulation for all individuals. The results
of this s tudy sugges t that this may potentially
influence performance as the function of the stimulated
muscles is not constant. Function varies  with both the
configuration o f the  e rgomete r and t he  s ize  of the
individual.

Introduction
Functional Electrical Stimulation (FES) induced leg
cycle ergometry for spinal cord injured paraplegics and
quadriplegics  has been shown to provide a variety of
therapeutic  benefits , including the  maintenance of
paralyzed muscle  integrity and the  improvement of
cardiovascular function (1). To maximize the
effectiveness  of FES system design, it is des irable  to
unders tand the  expected mechanical function of the
stimulated muscles. The movement that will  result
from a particular sequence of t imings for the muscle
stimulation may not be obvious, especially when two -
joint muscles are involved or, as in cycling, the body and
mechanical l inkage being controlled form a  c losed
kinematic  loop. While  there  are many factors that
affect this motion (e .g. the  condition of the stimulated
muscles , the recruitment characteristics of the
s timul ation, and the re s is ti ve  loa d app lied a t the
crank), there is also a position dependent contribution a
given muscle  force  makes  to the  accelera tion of the
crank that de pe nd s sole ly up on the phys ical
dimensions of the system.

Individual muscle forces act to accelerate not only the
segments  to which the muscle  a ttaches but a lso other
segments in the system as well. This is an effect known
as "dynamical coupling ". Both the  magnit ude and
direction of these accelerations may vary with position
(2). Typically, the accelerations induced by a
particular muscle force  can be calcula ted from the
equations of motion of a dynamical model of the system.
Additionally, for leg cycling, geometric considerations
alone, a llow the direction of this acceleration to be
determined.

1ERGYS, Therapeutic Technologies, Inc. Tampa, FL

Figure 1. Singularity configuration in the right leg
four -bar linkage of pedaling model.

Method
Pedaling with muscle forces generated by FES induced
contraction typically involves constraining the ankle
with an orthos is . Under these conditions , an
appropria te  model of cycling cons is ts  of two planar
four -bar linkages coupled through the crank. Each leg
is composed of four links: the thigh, shank and crank,
and a fixed segment connecting the crank center to the
hip. Four -bar linkages display the useful property
that when one angle  is  specified, a ll  the remaining
angles are determined (3). For the case of cycling, the
crank segments in each of the two, four -bar linkages are
fixed 1800 re lative  to each other. Thus , the  tota l
system has a single degree of freedom.

The direction of the acceleration of the  crank due to
eithe r a  torqu e ap plied  a t the  hip o r kne e ca n be
determined by analysis of the geometry of one of the
four -bar linkages contained in the one degree of freedom
model. Each four -bar linkage contains four positions
where  two of the links  become collinear. At these
pos itions, there  is  a  change in the direction of the
motion of one of the joints from flexion to extension, or
from extension to flexion. A singularity in the
acceleration caused by the muscle  crossing that joint
also results. For example, consider the configuration of
the  right leg shown in Figure 1. The crank is  in line
with the  shank and t he  hi p is  in i ts  mo s t fl exed
position. Now, consider a flexion torque applied at the
hip. In any  po s i tio n t hi s  t orq ue  wi ll  a t tempt to
increase the angle of the thigh and move points a t the
knee and crank center away from each other.
Intuitively it  can be seen that in mos t other crank
positions this would cause the crank to rotate either in
a forward or backward direction depending on the
precise  pos ition of the  crank. In the  s ingu larity
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position illustrated, however, the distance between the
knee and crank center is at its maximum and the torque
cannot cause  it to increase. No rotation of the  crank
will result. This position is a  switching point for the
direction of the acceleration of the crank due to the
fle xio n t orq ue a t the  hi p. The direction of the
acceleration switches back when the crank is again in
line with the shank, and the hip is at its most extended
position.

For a  hip extensor, ra ther than a  flexor torque, the
switching points are the same, but the direction of the
acceleration at other crank positions is opposite. Thus,
the  crank cycle  can be divided into muscle function
regions as shown in the small circles, labeled right and
left hip, in Figure 2 . The equations for determining
these switching positions (Appendix) are a function of
the physical dimensions of both the ergometer and the
subject.

Similar arguments for the remaining singular position,
where  the  crank is collinear with the  fixed segment
connect ing the  hip  and crank  center , ar e  u sed to
determine the switching points for torques acting at the
knee. The crank angles  of these  singular pos itions
depend  only on the  orienta tion the  f ixed s egment
connecting the hip and the  crank center and can be
determined by inspection. Figure  2 shows how this
information for both legs and all four joint torques can be
overla id to produce six divisions of the  crank cycle
corresponding to the  s ix different combinations  of
muscle torques that accelerate the crank forward.

The s timulation patterns  produced by the  ERGYS
controller for FES leg cycle ergometry are a function of
both the  ve locity and pos ition of  the  crank. The
threshold level of  t he stimulation curre nt ca n be
individually set and the level of the  s t imulation
current varies inversely with the performance produced
by the  s timulation. To determine the  crank angle
where each muscle is s timulated, the pedal crank rate
was  mainta ined a t a  cons tant 40 and 50 rpm by a
velocity- controlled motor. The current pulse train was
then sampled at 0.01 msec intervals.

Results and Discussion
The switching positions, as determined by the method
above, correspond to changes  in the  function of an
applied joint torque. Electrical stimulation results in a
force development in a  muscle or group of muscles
which, in turn, results in a torque at the  one or more
joints  crossed by the muscle . For gluteal muscles,
contraction typically results in an extens ion torque at
the hip. Thus, the crank positions where a hip extensor
torque accelerate the crank forward also correspond to
positions where stimulation of the gluteal muscle will
have the same result. For a two -joint muscle, however,
determining the  resulting direction of acceleration is
more complicated. For example , the hamstrings cross
both the hip and the knee, producing an extensor torque
at the  hip and a flexor torque a t the knee. At crank
positions where each of these torques either accelerate
the crank forward or backward, there is no ambiguity.
Stimulation of this muscle will produce the
corresponding acceleration of the crank. However, at

pos itions  where  these  two torques  cause oppos ite
acceleration, the actual direction will depend on both
the relative magnitude of each of the torques and their
relative effectiveness in producing acceleration. The
relative magnitude of the hip and knee torque produced
when a two -joint muscle is stimulated depends on the
relative moment arms of the  muscle at the two joints.
For the case of surface stimulation, where it is difficult
to stimulate a single muscle in isolation, it also depends
on the relative amount of each muscle that is recruited
by the stimulation.

The conclus ions  that can be  made c oncerni ng the
direction of the  acceleration resulting from surface
s timulation of gluteal, q uadriceps  and hamstrings
muscle groups  are  il lus tra ted in Figure  3. The exact
switching locations depend on the physical dimensions
of the sys tem, namely the  the  limb lengths, the  crank
radius , and the  length and orienta tion of the  fixed
segment between the crank and the hip. As shown in
Figure 3, changing the dimens ion of any one of these
will change ho w a n individual muscle  functions .
Moving the seat forward, from the pos ition of A in
Figure 3 to C, results in an approximately 400 increase
in the  ra nge o f cr ank p os it ions  where  the  glu teal
muscles  provide propuls ion. It also increases by a
similar amount the  range where  the  function of the
two-joint muscle groups is unambiguous.

Figure 4 shows these theoretical predictions of muscle
function compared with the actual stimulation
patterns  used in the  ERGYS sys tem. The ERGYS

Right Hip Lek Hip

0,
Right Knee ', z a '

Lek Knee

Figure 2. Shaded region of the small circle illustrates
where the indicated flexor torque accelerates the crank
forward. This information is combined in the large
circle to indicate the six regions corresponding to

different combinations of right and left, hip and knee
torques which will accelerate the crank forward. These
combinations are. 1) Right knee extensor {RKE), left
knee flexor (LKF),right hip extensor (RHE) and Ieft
hip flexor(LHF). 2) RKF, LKE, RHE, and LHF. 3)

RKF, LKE, RHE, and LHE. 4) RKF, LKE, RHF, and
LHE. 5) RKE, LKF, RHF and LHE. 6) RKE, LKF, RHE
and LHE. Assumed linkage lengths are Ith = 0.525m,
Ish = 0.465m, lcr = 0.16m, Ip = 0.6m, B = 250.
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stimulation patterns  are  seen to be primarily aligned
with the range of crank angles where the corresponding
muscles are  predicted to accelera te the crank forward.
These results indicate, however, that it may be
possible to achieve increased positive acceleration by
increas ing the  range of crank angles where stimulation
is  applied. Also, a lthough the  ERGYS s timulation
patterns vary with crank velocity, a t any given
velocity the crank angles where muscles are stimulated
do  no t  v a ry . They are  the  same  for a ll  phys ical
co nfi gu ra t i ons . Ho we v er , the theore tical
considerations of the accelerations that are produced by
the stimulated muscles indicate that the function of the
musc les  is  no t t he  same for a ll  co nfi gurati ons  or
individuals . Thu s  i t  may  b e p os s ib le to achieve
improved performance from FES leg cycling ergometers
by taking into account these  differences , e ither by
individualizing the  stimulation patterns  or choosing
the geometric configuration to optimize the  use  of the
exis ting patterns.
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Appendix
The crank angles corresponding to each singularity can
be calcu la ted by  cons ide ring the  geometry of the
linkage. If the angle  that the  fixed segment between
the hip and the crank center makes with the
horizontal is known as e, then singular positions for a
knee torque, relative to the top of the crank cycle are
+ n/2 and A + 3x/2 . Also, the  positions  where the
shank and the crank are collinear, and the acceleration
due to a hip torque is singular are given by:

or

sin( 9) = la, —1p — (1cr — I h )2

qcr — 21p(lc, — ! s h )

cos(gc, — B) = — (1 —sin 2 (gc, —B)) 112

2 l 2 —(1 +1 2s in ( 9)  = 4h — p rr ah)
qc r —

21p(1c,+1s h)

cos (q,, — B) = (1— sine (qc, — 9))1r2

W h e r e q c r  is th e c r a n k a n g le of th e s in g u la r i t y
p o s it io n ,  I t h  is  len g t h  o f  t he  t hig h  s e g me nt ,  I s h,  th e
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Figure 4. Comparison of predicted crank positions
where the muscle groups accelerate the crank forward
(results are from Figure 3B) with the actual stimulation
patterns measured in the ERGYS at 40 and 50 rpm. 0
degreesis atthe top of thecrank cyclefor the right leg.

240 RESNA In t e rn a t io n a l '92 • June 6 -11, 1992



RURAL RESOURCES: ONE OF THE CORNERSTONES OF AGRABILITY

Tammy M. Schaefer and Andrea L. Speth
Resource Center fo r Farmers With D i s a b i l i t i e s

Easter Seal Society o f  Wisco nsi n, I nc .
Madison, WI

Abstract

Providing assistance to agricultural
workers with disabilities or
illnesses is at least four
dimensional; 1) evaluation of the
environment, equipment, individual;
2) provision of technical
information; 3) connecting with
appropriate service systems; and 4)
preventing secondary injury or
injury reoccurrence. For the
purposes of this paper, focus will
be on the third item.

often the most difficult component
of rural service delivery is
connecting clients with relevant
services. The issue is further
complicated by elements unique to
rural locales. Rural residents
often have fewer resources available
and agricultural workers are
traditionally reluctant to seek out
and ask for assistance. Developing a
directory of resource services and
people can become a valuable tool in
helping clients get needed services.

Background

In 1990, the United States
Department of Agriculture
appropriated funds to help establish
programs to aid farmers or ranchers
with disabilities or illnesses.
These programs are now known as
AgrAbility projects.

Many factors led to the decision to
provide funds to aid agricultural
workers with disabilities one of
which was the concern that farmers
often faced the problem of isolation
from services which could be of
assistance.

In the Wisconsin project, many calls
were received requesting assistance
in working with systems such as
SSDI, local community aid programs,
or the state vocational
rehabilitation agency. Callers
expressed anxiety about not knowing
how or where to look for various
sources of assistance.

14.1

system. Despite the existence of
agencies which could be a potential
source of assistance, many of them
are not explored or utilized by
those who could benefit most from
the services offered.

Approach

In Wisconsin a concerted effort has
been made to identify informational
resources for clients. While there
are many ways to obtain this
information, the following methods
have proven helpful.

Resource Library
Identify, research, and collect
literature on local, state, and
federal resources. Most agencies
will provide brochures and pamphlets
describing available services.
Don't overlook everyday sources of
information. Agricultural
newspapers and magazines often
include information on service
organizations specifically designed
to meet the needs of rural
residents.

Networking
Utilize other professional's
knowledge of available resources.
Contact local human service
departments for names of people who
work with key programs. Contact
individuals who offer similar
services in other states, but be
aware that states differ in the
types of services available.

Don't overlook obvious sources.
Past clients can be ideal
informational resources. Based on
their own experience, they can offer
you information on individual
agencies. Clients are usually
willing to tell you why they were
denied services. This may help you
to assist other clients who need the
same services. Encourage clients to
become active participants in the
networking process. This will not
only give them a feeling of control,
it will also free you to assist more
people.

Statement of Problem Remember to let resources you will
be utilizing know that you will be

Because they are often located in using their services. Ask for the
isolated areas far removed from name of a contact person and provide
urban resources, many agricultural that person information regarding
workers fall through the cracks of the services your program provides.

our nation's service delivery
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Question
Don't be afraid to ask questions.
No question is too trivial if it
provides you information that you
did not previously have. Some
agencies i.e, the Social Security
Administration, are so complex that
few service providers can ever
master all the aspects. Therefore,
asking the right question may be
essential to utilizing the agency to
its fullest potential.

Implications

This approach to gathering
information will net many important
benefits for rural service programs.
Perhaps the most important result is
that you will be better prepared to
fulfill most requests for
information or at least provide a
place to begin.

Discussion

Following these suggestions may help
you spend less time searching for
answers. You will have information
readily available to offer clients,
requiring less of your time on
follow- through. once clients are
given the appropriate contacts, they
will be able to follow through with
less assistance from you.

Finally, it is impossible to be all
things to all people. In order to
be as effective as possible, human
service organizations need to know,
understand, and use resources that
are available. In addition,
organizations which serve rural
residents must have a special
commitment to providing client
access to appropriate resource
information.
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Improving Culturally Appropriate Access: Finding a Middle Way

Alexandra Enders
Rural Institute on Disabilities
The University of Montana
Missoula, Montana

In trod uc ti on

Information is the medium for communication of
ideas. To improve equitable access to disability-
related information and resources, the cultural
context of information exchange needs to be
cons idered. Cultural context is  not just something to
be aware of during international exchanges, it is a
part of all human transactions.

A S c e na r i o  fo r Mi s u nd e r s t a nd i ng

They want the best and most recent state-of-the -art
technology. No one can pay for it, training to
effectively use it is out of reach, maintenance and
repair will be a logistical nightmare, and it doesn't f it
the intended environment. Does the requestor live in
an underdeveloped country, a major city in a
developing country, an inner c ity in industrialized
U.S., or rural America?

The differences may not be as  large as one would
initially assume. There are striking similari ties, much
of it in the way information is presented and how
issues of cross - cultural communication are
approached. Assumptions about perceived value of
available options must be clearly understood by all
parties involved.  You can provide information and
access to resources that seem to appropriately meet
the identified needs . However if it is not presented
in a format/context that the recipient values and
trusts, i t won't be an acceptable solution.

Striv in g To wa rd Valued Outcomes

We are in the business of increasing the impact and
acceptability of effective strategies, products,
research findings, technical assis tance, and training
opportunities in the lives of people with disabilities.
The outcome measures of our services and products
should be based on the consumer's perception that
something of value was  received in the transaction.
It doesn't make any difference that you see value in
your intervention, if the individual or family you are
working with finds  it  unacceptable, worthless, or
inappropriate to his /her life, it is.

Mo v in g  Aw a y f ro m a B la c k a n d W hi te
Wo rl d

Not many years ago, a  simpler world view sufficed.
Countries were either industrialized or
underdeveloped, technology was either high tech
state of the art or appropriately low tech, societies
were either bountiful rich "haves" or poor handout -
seeking "have nots " . U.S. health care scoffed at the
rationed health care systems in some socialized
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welfare systems, insisting all Americans had equal
access to state of the art medicine, and our domestic
horror s tories rarely surfaced.

Things have changed.  Old categories  don' t work.
We need better ways to distribute available
resources. With the socio- political changes
underway in the world today it is at best naive to
view the planet as composed of industrialized haves
and underdeveloped have nots.  For example, the
U.S. is  now the world 's  larges t debtor nation, and
the highly industria lized eastern bloc countries are
far from resource rich.

This is reflected in rehabilitation /disability services,
where we need models  that present solutions in
categories that fall in- between the extremes of the
high tech rehabilitation centers  or WHO's
community based rehabilitation scheme. Neither of
these ends of the spectrum approaches work very
effectively in rural America. Professionals in
specialized urban rehabilitation centers frequently
counsel their rural patients to remain in the city after
rehab, because they are convinced that the necessary
resources and supportive services will not be
available if the person returns to their rural
community. These cross - cultural biases (urban-
rural) and unquestioned assumptions exist even if
everyone involved is a WASP, and are only
compounded by ethnic  and socio-economic
differences . Diversity, the buzzword of the  90's,
assumes an acceptance of different cultural
experiences -- cultural, ethnic, socio- economic.
There is little acknowledgement of diversity in
rehabilitation today, in the US or e lsewhere.

Wha t  S ho u l d We Ca ll th e Mid dl e?

A curious vacuum exists for effective strategies that
are in the middle of the spectrum. Most of the words
that fit already have other connotations. Intermediate
and appropriate are distinctly tied to international
development efforts . Appropriate technology is
generally focused on the needs of rural people in
third world countries.  When this approach is
adopted by an industrialized country such as the
United States, its target is usually the development
and implementation of technologies appropriate for
low- income communities, especially those in rural
areas.  Appropriate technology is grounded in
cultural, political, and ecological frameworks; its
proponents  often share an almost evangelical zeal.
Unfortunate ly mos t professionals working at the
sophisticated urban end of the spectrum have little
appreciation for this approach. It  also tends to be
rejected by urbanites in major cities in
underdeveloped and developing countries.
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The U.S. National Center for Appropriate
Technology (MCAT) stated that "The main goal of
appropriate technology is to enhance the self - reliance
of people at a local level." If we substituted the
word "assistive" for "appropriate ", we would have a
useful mission statement for many individuals
working in our field. Appropriate assistive
technology doesn't have to mean cardboard seats and
tire tread sandals. We need a way of using the
concepts implicit in appropriate technology, and
presenting them in a format that even the high techies
can find acceptable and valuable.

A Clos er Look From a Dis tance

International experience provides the outsider with a
clearer view of his /her own culture, and the hidden
assumptions that often lead to misunderstanding and
miscommunication. It can also point to directions for
developing new strategies

Working in Armenia, when it was still part of the
Soviet Union, made me more aware of the need for a
"middle way" to approaching cross - cultural
communication related to services for people with
disabilities. I have always been able to transcend the
high tech/low tech gap. I've always been involved at
both ends of the spectrum - the high tech
environment of Stanford and the Electronic
Industries Foundation, and the low tech world of
DIY (do it yourself), scrounging for low cost
solutions, and supporting projects in third world
countries.

Uncovering Hidden Assumptions

More than one of the patients on the spinal cord
injury rehabilitation unit in Armenia could have
benefitted from independent mobility while their
pressure sores were healing. There were few
gurneys available, and none could be spared to be
fitted with drive wheels. Hesperian Foundation's
Disabled Village Children has a clever adaptation for
turning a wheelchair into a self - propelled prone
trolley. The orthotist was able to build the adaptation,
and attach it to one of the heavy, fixed- armrest
wheelchairs. The first patient was shown the pictures
of how the device could be used (you essentially
drive the wheelchair backwards). Compliantly he
agreed to try it, but then refused to leave his room in
it. After repeated discussions (all through an
interpreter), it was finally clear that he felt he had
been given a peasant device, and though he liked the
freedom, he was embarrassed by the image he felt it
portrayed. He stated that though he came from a
mountain village, he was not a peasant. He refused
to use the mobility device on the Unit. Several
weeks later, I found a project plan for an almost
identical device in the appendices to Ford and
Duckworth's Physical Management for the
Quadriplegic Patent. The book had been circulating
on the Unit, the pictures in the chapter on sexuality
the major attraction. When the pictures of the
similarly adapted wheelchair from the specialized

rehab book were shown to another patient who
needed one, he was eager to try it. The original
device was adjusted to fit. When presented with the
adapted chair, he refused, stating it was the peasant
device that we'd used with the other individual. I
remain convinced that if I had presented the device to
the initial patient as originating from the sophisticated
Ford and Duckworth text, and not with pictures of
barefoot peasants, that the acceptance would have
been completely different.

Coming from a subset of American culture that will
accept just about anything that works, it was amazing
to me to see a useful device rejected because of the
image it conveyed. The more I observed, the more I
could understand why some things were accepted,
while others were rejected out of hand. Much of the
causality lie in the way the information, service,
treatment, or product was presented.

This was nor peculiar to Armenian mores. I worked
as part of a multinational team; with members from
15 countries. When I tried to introduce material from
the World Health Organization's community based
rehabilitation (CBR) manuals, I found no support.
Other's including the team leader from England and
head nurse from Australia, felt these manuals
inappropriate. After all, "we weren't in Africa ".
Having learned my lesson about using pictures, I
assured them we would not use the pictures. The
information in the manuals was directly applicable to
helping develop a support system for use in the
communities these individuals were returning to.
Most of my colleagues could not get beyond the
presentation style and format.

I returned to the U.S. convinced that we needed to
find better communication vehicles, that we were
losing valuable information because its developers
did not see the broader market possibilities, and only
packaged their data for a particular audience.

Collaborating on a Middle Way

Today I see a broader audience than the two primary
ones described. There has to be a middle way.
Consider all the people who need the same basic
content in the information developed for resource
poor societies. A large number of these individuals
are not and do not consider themselves peasants. The
list includes the entirety of the former Soviet Union,
the old eastern bloc countries, major cities in
developing countries.

Much of rural U.S. could be considered in this
category. People in many rural areas experience a
curious blend of resource availability. They may
have all kinds of high tech machines available to
them during inpatient treatment: continuous passive
motion, electrical stimulators, biofeedback devices.
But if they need ongoing assistive technologies, they
are probably going to be left to their own devices.
Most Americans probably would not balk at building
something that came from a book intended for third
world citizens. But for most people this material
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would be difficult to locate. And sometimes it takes
a little imagination to translate it. For example, a
book from India has construction ideas for a low cart
useful inside village huts, where most people cook
and eat close to the ground. The same idea appears
useful for a Native American dwelling which has a
high doorway thresholds which are unrampable as
part of the cultures spiritual belief system. The
Indian trolley has a set of wheels that allow the driver
to tip back and forth over a threshold. Someone
needs to take the Indian material and redraw it so it is
more available and graphically acceptable to Native
American applications.

Rural Challenge

The interpretive function is especially relevant for
people living and working in rural areas. The first
challenge is to collect the abundant folk wisdom of
rural americans with disabilities. Then to make the
information available to other rural people. Breaking
New Ground has done a great job of collecting and
synthesizing information. The next challenge is
identifying other markets for this valuable rural
information, and packaging the information so it can
be acceptable to the cosmopolitan urbanite,
internationally to people in developing countries, and
to people who need a "middle way ". An additional
challenge lies in identifying relevant information that
is couched in high tech, data laden research, and
translating it so rural constituents (and everyone else)
can understand and make use of it.

Characteristics of a Middle Way

Middle Way projects and communication methods
incorporate:
- realistic economic and cultural context
- accurate understanding of cultural self - perception
(i.e. the way people see themselves and want their
neighbors in the world to see them)
- flexibility and the ability to see beyond the
boundaries of one's own cultural interpretations
- mechanisms for mutual two -way exchanges
- emphasis on the value of contributions by all
participants, including explicit identification of what
the outsiders will learn and receive in exchange for
what they bring to the project
- full participation and equitable sharing among all
participants, not a charitable giving to needy folks
- sustainability and self - sufficiency

Middle Way information sharing methods and
materials:

support individual dignity and initiative
support system /infrastructure dignity, integrity, and

initiative
- identify and structure ways to enhance productivity
of all participants
- are active tools developed locally, not passive gifts
accepted from outsiders
- encourage participants not recipients
- do not build cycles of dependency
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THE RICKSHAW BUSHCHAIR

Ann L. Land Seating and Equipment Assessment Team
Department of Health and Community Services,
Northern Territory Australia

A project to develop a wheelchair
for use over rough terrain has
resulted in the designing and
development of a manual
transporter for the frail and
disabled living in remote
communities in northern Australia.
The function of this mobility
device is based on a rickshaw
style chair of which there are two
versions currently being tested.
The design and the results of the
trials so far are discussed.

Background

Interviews with Aboriginal Health
Workers and disabled people were
conducted by the Rural Team
Physiotherapist and occupational
Therapist. It became apparent
that no commercial wheelchair met
the needs of the disabled and
their caregivers. An analysis
revealed that:
1) the front casters of a standard
wheelchair often caused the
immobilisation of the user because
they jammed or sank in sand. The
casters were to be eliminated.
2) the ease of transfer from chair
to vehicle and of standing to walk
required the seat to be easily
accessible.
3) the majority of wheelchair
users were pushed from place to
place instead of self propulsion.
This was considered to be the main
method of transportation. It was
decided the easiest way to move
the chair over rough ground was
for the caregivers to pull rather
than push. A pulling handle was
designed. Shah (1990) reported
similar observations in rural
India

Design and Development

In 1990,12 prototypes (8
convertible wheelchairs and 4
rickshaws) were tested (Land
1989). The Convertible Wheelchair
was designed to be propelled by
the user indoors and pulled by the
caregivers outdoors. It was
reported that this chair was not

used indoors for three main
reasons -1) the space was too
limited inside the house,2) the
users walked with assistance or
pulled themselves along on the
floor,3) people preferred to sit
on the floor which is their habit.
This concept was, therefore,
abandoned.
The rickshaw was more readily
accepted and compatible with the
rural lifestyle therefore, in
1991, they were re- designed to
meet the following criteria.
1) Stability: The location of the
centre of gravity to be variable
to accommodate a range of user
body size, weight, height, shape
and change in position from a
static upright to a reclining
moveable one when pulled along.
To achieve this, the wheel
configuration is changeable by
positioning the axle forward or
backward along the horizontal
support of the undercarriage.
Lateral stability is jeopardised
when the user is transported over
uneven ground therefore the wheel
base can be widened by adjusting
the wheels out further.
2) Safety: To prevent the chair
from tipping over backwards anti -
tip supports are situated behind
the rear tyres. If the assistant
loses control or releases the
handle accidentally while pulling,
the chair will balance in a tipped
back position. A seat belt comes
attached to the seat.
3) Ease of handling: A front
support bar or a single
microcellular large caster clears
the ground when the chair tips
back for pulling. This avoids
getting stuck in sand or mud.
Several different types of rear
tyres are being used -2" wide BMX -
24" trailer and wheelbarrow. So
far, the latter has handled best.
The pull handle of which there are
the two styles allow more than one
person to move the user and there
is also a push handle at the back
so the chair can be pushed and
pulled at the same time.
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4) Access for transfers: The seat
is height adjustable to suit
individual users. The footrest
and the handle are moved out of
the way for access and re- located
once the user is seated.
5) Comfort: A hammock or a slung
wheelchair style seat are the
choice. Both styles have a high
back to support the head in a
tipped back position.
Mesh /canvas /vinyl are materials
being tested for durability and
coolness . The footrests are of
the same material and slung
between two supports. Using a
soft rather than a hard surface is
best for bare feet as it prevent
bruising and burning.
6) Durability: A sturdy
construction with few moving
components and few removable parts
cuts down on costs for replacement
of parts. The design is simple
and maintenance can be carried out
by a low skilled community
mechanic.
7) Hygiene: The chair can be hosed
down and the seat washed with
detergent. The seat material can
be replaced easily in situ.
8) Low cost: The Rickshaw is less
expensive than a standard
wheelchair in Australia.

As a result of the designing
requirements two styles of the
Rickshaw Bushchair were
constructed. One is the hammock
seat slung on a PVC frame which is
reinforced with steel tubing. The
handle is one piece and hinges to
swing out of the way for user
access to the seat (refer to
fig.l). The second one is a
wheelchair style seat slung on a
tubular steel frame. The pull
handle is telescopic, stores under
the seat and is retractable (refer
to fig. 2). Both chairs have wide
tyres, a slung swing away footrest
and anti -tip supports.

Evaluation

Two elderly female clients, one
with Parkinsons Disease and the
other with Left Hemiparesis, are
using a chair each under
supervision. An evaluation form
for the caregivers and therapist

to report their observation, a
mechanics report and a video
interview of the user are to be
completed at the end of three
months trial. It is expected that
another prototype will be
redesigned following the results.

Discussion

Although the prototypes have not
been fully tested there are
indications that both devices have
design features which could be
monopolised. For example, the
hinged pull handle appears more
successful than the telescopic
handle because it is less
complicated to use and more
accessible. In answer to Zollars
(1990) conclusive remark related
to t he u se of P VC, the need to
reinforce this material with steel
tubing due to its poor strength
defeated the purpose of keeping
the framework lightweight. So
far, our experience shows that PVC
is not a viable material.

Conclusion

It is envisaged that the trials
for the Rickshaw Bushchair will be
completed by mid 1992 and a Final
Report available towards the end
of that year. A commercial
enterprise will be sought for the
manufacturing of this product in
Australia.
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MEASURING SYSTEM FOR ASSESSMENT OF TRAIL ACCESSIBILITY

Deborah J. Chelini & Peter W. Axelson
Beneficial Designs, Inc.

Santa Cruz, CA

ABSTRACT
The greatest single contribution
toward the accessibility of outdoor
environments and recreation areas is
to document the degree to which
existing recreational facilities are
already "accessible." The
development and implementation of a
system for assessing, documenting
and marketing information that
communicates the "degree of
accessibility" of outdoor trails has
been initiated. Recreational
opportunities exist which are
already accessible by nature. Our
hypothesis is: If people have
access to information that documents
the "degree of difficulty" of
trails, they can decide where to
hike and they can enjoy the
experience.

BACKGROUND
In recent years a perceived conflict
between two major social movements
has arisen - -the movement to preserve
our national wilderness areas and
the movement to provide equal access
and opportunity for people with
disabilities. Wilderness values
need not be compromised by special
provisions of access for people with
disabilities. The National Park
Service recommends in a set of
documents addressing accessibility
that "persons with disabilities
will, to the highest degree feasible
and possible, be provided access to
existing facilities and programs.
Although maximum accessibility is
the goal, this may not be physically
possible in all cases, such as in
wilderness areas. "'

It is important to remember that
every person has different
functional abilities. The choice of
an appropriate trail will be
different for each person whether or
not that person has a "disability."
The purpose of this project is to
collect data about trails that can
be used to make decisions about
which trails will provide an
appropriate or desired degree of
challenge and recreation for people
with and without "disabilities."

14.4

The most intrusive developmental
influence of this project would be
recommendations for removal of
specific barriers such as rock slide
debris from what would otherwise be
an accessible trail. Almost all
trail maps have some general
information about degree of
difficulty, quality and natural
history. Of several trails and park
guides researched, a mountain bike
trail book provided information most
a p p l i c a b l e to w h e e l c h a i r
accessibility. Visually presented
information on gradation, text
information on trail surface,
general character description, and
weather information were all
presented in Roads to Ride South, A
Bicyclist's Topographic Guide to San
Mateo Santa Clara and Santa Cruz
Counties.' With the addition of
side slope and trail width
information, the guide would be a
sufficient information source for a
wheelchair rider needing to make a
decision about hiking a specific
trail.

OBJECTIVE
A system of measuring those factors
which influence the "accessibility"
of a trail has been developed and
applied in a pilot project. Three
trails were evaluated, and data was
translated into narrative and
graphic forms. The objective is to
develop a system wherein the trails
assessment system can be taught at
central locations to accessibility
coordinators around the country.
Data collected by these satellite
coordinators would be sent to a
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central location for translation
into maps and guides.

The purpose of the trail access
measurement project is to provide
information about the degree of
accessibility of trails so that
people with mobility considerations
may judge whether or not, or how
far, to proceed on a particular
trail.

METHODS/APPROACH
It is important to have an initial
meeting with the property owners or
caretakers. At that meeting the
purpose of the trail assessment is
presented. Trails are selected for
measurement; also maps and any
written materials on the selected
trails are obtained.

Preparation
A team is assembled that includes at
least one wheelchair rider, a
representative of the park or
property, a person with basic
orienteering or surveying skills,
and other people who can assist and
take measurements. The tools needed
for measurement are a compass, a
clinometer, an inclinometer attached
to a four foot straight edge,
measuring tape, a large diameter
rolo -tape, data collection forms,
marking paint and flags, a notebook
and a camera. The measuring process
is practiced by the assessment
coordinator and the team member who
will make the compass and
inclinometer readings. There are
enough specific tasks to keep seven
or eight people busy. More people
will allow others to take breaks. A
minimum team would be four people.
Enough data forms are copied to
cover sixty to eighty data points
per mile. The weather forecast is
checked,, and food, water, sun
protection and other personal items
are assembled.

Measurement Process
Measurement tasks are assigned to
team members, and an orientation of
the process is presented by the
assessment coordinator. The
trailhead is marked with a sign
which reads:

A survey crew is
measuring this trail
for accessibility,

please avoid scraping
the dots from the dirt.

The first mark is placed at the
beginning of the trail along with
the sign. The distance from the
initial point to the next point up
the trail is measured with a rolo-
tape. If there is no significant
change in direction or slope, the
measurement distance can be 100
feet; otherwise the measurement
distance must be every fifty feet.
The maximum side slope right and
left is measured in degrees.
Compass readings are taken at each
point by sighting on an individual
standing over the next measurement
point. Inclinometer readings are
recorded in percentage of slope; a
plus indicates a sl ope  up  an d a
minus indicates a slope down. Trail
width is noted wherever the trail
becomes narrower than five feet.
The - individual recording the data
sets up a sequence of receiving
measurements from each individual in
a logical process. The data
recorder is also responsible for
noting surface characteristics. It
is a great idea to have one member
of the team recording the event with
a camera for documentation and to be
able to give the volunteers copies
of photos with an appreciation
certificate.

Post Hiking Issues
The data is entered into a computer
aided design program, and a map is
generated. That map is coded to
relate slope, surface, width and
incline. A narrative description of
the trail is also written.

RESULTS
Measurement of Mt. Washburn Trail at
Yellowstone National Park
One of the trails measured in our
pilot project was the Mt. Washburn
Trail which is marked as "moderately
difficult" at the trailhead. The
trail has a steady, steep rise
which, combined with the altitude,
challenges endurance and strength.
The trail is an old road with a
clear width of eight to ten feet
most of the way. Wherever the width
of the road was impinged upon by
large rocks or overgrown with
vegetation, the remaining clear
width was measured. The trail began
as a dirt road with loose rocks of
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two to three inches in diameter.
Changes in the quality of the trail
were noted. Other surfaces
encountered were larger loose rocks,
rocks imbedded in the surface,
cracked asphalt (vestiges of the old
road), and gravel.

The hike up took five and a half
hours, and the hike down took two.
Measurements were taken at 100 -foot
intervals along most of the route.
The first thirty points were slow
and clumsy as everyone became
accustomed to the rhythm of the data
collection process and became
familiar with reading their
instruments. The process sped up so
that each point took less than sixty
seconds to measure and record.
There were 220 readings for the Mt.
Washburn Trail. The expedition was
photographed and notes of Ranger Sue
Consolo - Murphey's comments on the
landscape and natural history were
taken. A brief narrative giving
specific information about the
nature and location of rough spots
and landings was written, as well as
a description of the area's natural
history.

DISCUSSION
The measurement, documentation and
dissemination of objective
information on trails is perhaps the
greatest step that parks and
recreation areas can take to make
their facilities usable by persons
with disabilities.

WHERE WE GO FROM HERE
There are two primary objectives to
pursue at this point:

1.0 A centralized system for
translation of the data into
standardized maps with text
needs to be designed, tested
and implemented;

2.0 Trail assessment coordinators
need to be trained.

Funding is being sought to implement
these activities.
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14 . 5
A VIDEO GAME TO PROMOTE AEROBIC ACTIVITY FOR THE DISABLED

Bo b by  H.  C hu ng
V. A.  Rehab il it a t i on Res ea rc h and D ev el op me nt  C ente r

Dec atu r,  Ge orgia

ABS TRACT

The purpose of SAAV is  t o help disabled persons
imp ro v e  t he i r  f i t ne ss  l e v e l s . SAAV is  a  two -
p e r s o n i nt e r a c t i v e  v i d e o  g a me  p r i ma r i l y  c o n-
tro l l ed  b y  t he  pl a y e rs '  hea r t  ra t e . T he  u ni q u e
c o n c e p t  i s  t o  u s e  a  c o mm o n  d e no m i na t o r  i n
ev ery  i nd i vi du a l,  he ar t r a t e ,  as  a  me ans  o f b al -
a nc i ng u ne q u a l  p hy s i c a l  a b i l i t i e s  whi l e  ma i n-
ta ining a  lev el of exe rti on tha t p romote s  a ero bic
co nd i t io ni ng. SA AV i s no nd i s c r i mi na t o ry to
p e o p l e  wi t h ha nd i c a p s ,  a nd  i t  e nc o u r a ge s  t he
i nt e gr a t i o n  o f  t he d i s a b l e d  a nd non - disabled
po p u l a t i o ns .

BACK GROUND

T he i mp o r t a nc e of  c ard i ov a s cu l a r fit ne ss for
dis abl ed ind ivi dua ls ,  es pec ia l ly parapl egi cs  and
ot he r indi vi du al s  who ha v e lo s t  t he  u se  o f thei r
lower e xtremi ties , is  muc h great er tha n for able  -
bo d i e d  i nd i v i d u a l s  b e c au s e  o f  t he i r  s e d e nt a ry
lifes tyle . It  is  wel l  do cu me nt ed  t ha t pe op le  who
le a d  a  s e d ent a ry l i f es t y l e  t e nd  t o  go t hrou gh a
degenerati ve  proces s  cha racte rize d by decre ased
le a n b o dy  mas s ,  hy pe r t ens i on,  re d uc e d  a e rob i c
cap ac it y,  a nd  i ncrea se d ri sk  o f o s t eo po ro s i s . It
is  i mp erat iv e  t ha t a  re gul ar  e xe rc is e  p ro gram Is
e nc o u ra ge d .

Mo s t  a mp u t e e s  wa nt  t o  p a r t i c i p a t e  i n  l e i s u re
and s port s  ac tivi ties  whi ch will  help  the m le ad a
full  and satis fying lifes tyle .  A fu ll  and satis fying
li fe s t yl e  i nc lu de s t he  a b i l i t y  t o  p a r t i c i p a t e  i n
av o c a t io na l  a ct i v i t i es  t o  imp ro v e  p hy s i c al  f i t -
ne s s , sociabili ty se lf - confidence, a n d t o  h a v e
fu n.

STATEMENT OF THE PROBLEM

In orde r for  p eop le  t o mai nt a in a  r egu la r fi t ne ss
program,  the re  has  t o be  mot ivat ion to b egin and
c o nt i nu e . The  p rob l e m a ri s e s  whe n mo t iv a ti o n
de crea s es  d u e to  i nco nv e ni enc e,  t he  unpl e as ant
a t m o s p h e r e , a n d u n e q u a l l e v e l s of
co mpe t i ve nes s . Mos t mo tiv at io nal  a id s  a re  d e-
s i gne d  onl y fo r o ne i nd i v id u al  s uc h as  a  s i ngl e
pl ay e r vi d eo  ga me  o r  e xe rci se  programs b ro ad -
cas t on te levis ion or sold on videocassettes .  This
marke t is  t yp ic all y the  ho me  e xerci se r and ve ry

fe w ma i nt a i n a  r e gu l a r  e xe r c i s e  p ro gra m b e -
ca us e b ored o m us u al ly  se ts .

The  o the r  a lt e rna ti v e  i s  j o i ning a  he a l t h c l u b .
The mai n advantage of  us ing a  healt h c lub is  the
bui lt  -in mo tiv at ional a tmosp here . Because ev-
eryone is  exercis ing, one feels  compelled to exer-
cise . Ge ne ral l y ,  a  he a l th c l ub  i s  an e xc el l e nt
pl a c e  where  pe o p le  c an e xe rc is e  und e r p rop e r
supervis ion while  having fun.  This  i s  why health
clu bs  c an be  s o su cce ss fu l.

The  pr ima ry rea son why d isa ble d p eop le  do not
us e  he a l t h c l u b s  i s  no t b e c a u s e  c lu b s  a r e  no t
acces s ibl e .  ( in mo s t c ases , only mi nor Improve-
ments  hav e to be  mad e)  bu t ins t ea d, the  eq ui p-
ment i s  not  ad ap ted  to  s uit  thei r need s .  Pl aci ng
sta tionary exercise  machines  especia lly des igned
for disabled people  such as  the  WheelchairAero-
bic  Fitness  Trai ner , in hea lth c lu bs  i s  one so lu-
ti on if  i t  p rov e s  to  be  prof i ta b le . In o rd e r  t o
Incre as e  p rof i t ,  ma ny  di s ab l ed  p e op l e  mus t  b e
at tr ac te d to  t he  hea lt h c l ub s . Mai n a t tra ct io ns
wo u l d b e  a v a il a b il i t y o f  a  mot i v at i o na l  a t mo -
sphere  and the  intergration of the  non - d isabled
and  d i sa b le d  p o pu l at i ons .

APPROACH

The setup for SAAV includes  an IBM compatible
co mp ut e r wi th VG A gra phic s  c onnec te d t o two
wi re l es s  hea r t ra t e  mo nit o rs , whi ch in tu rn ar e
co nnec te d t o ea ch o f t he  p la ye rs . Eac h pl ay er
exe rc i s e s  o n s t a t i o na ry a e ro b i c  ma c hi ne s  d e -
s igned for e ither disabled or non - disabled indi-
vidu als s u c h  a s a r m ergo me tr ie s , exercise
bikes , or  tr e a dmi ll s . T he  g a me  b e gi ns  wh e n
exercis ing s tarts  and ends  after a  minimum of 20
mi nu te s  t o p ro mo te  ae ro b ic  t ra i ni ng.

The  o b j e c t  o f  t he  ga me  i s  t o  c o l l e c t  t he  mo s t
p o i nt s  i n a  s e t  t i me . A p o i nt  i s  awa rd e d  fo r
"eati ng" a  "goo d" o bject  represented b y any  nu-
trit ious  food ite m such as  an ora nge or broccoli .
A p o i nt  i s  d e d u c t e d fo r  e a t ing a  " b a d"  o b j e c t
labelled as  e ither "fa t" or "oil . "  As  these  objects
"fl y"  a cros s  the  s cree n a t  d if fe rent he ight s ,  t he
pl ay er  mus t us e  his  / he r ma gi c  c arpe t to  i nt er -
cept the  object (f igure  1). Contro l o f t he  magic
c a rp e t  i s  p ro p o r t i o na l  t o  he a r t  r a t e , i.e ., t he
hi gh e r  t he  h e a r t ra t e , t he  hi gh e r  t he  p l a y e r
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TH R
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R H R

Figure 1. Game Screen - (a) Score bar (b) T ime
elapsed (c) 'Bad" object (d) "Good" object

"f lo at s  up wa rd ." Si nc e  mo re  o f  t he  d e s i r a b l e
ob je ct s  ar e  f ly ing hi ghe r ac ro ss  t he  sc re en, the
hi ghe r  t he  he a r t  r a t e ,  t he  e a s i e r  i t  i s  t o  e a rn
points .

Thi s  menu  -d ri v e n ga me  b egi ns  wi t h a  " ho me "
s c re e n t ha t  g i v e s  t h e  u s e r  t he  o p p o r t u n i t y  t o
change d efau l t  s e t ti ngs ,  v i ew a  de mons t r a t i on.
or  s t ar t  t he  ga me . Once START is  se lected, the
s c re e n d i s p l a y s  t he pl a y e r  i nfo rma t i o n s he e t
(figure  2). T hi s  s he e t  r e q u i r e s  t he  p l a y e r  t o

Fi g ure  2 . Menu  -dr iven screen

p ro v i d e  i nfo r ma t i o n  ne e d e d  t o  d e t e rmi ne  t he
ma xi mu m he a r t  r a t e  (MHR)  a nd  t o  ma i nt a i n a
rec ord  o f his  /her pas t per forma nce s .  The MHR
is  ca lcula ted b y the  conventi onal  220 minus  age
fo rmul a . T he  a l g o r i t hm  u s e d  t o  c o n t r o l  t he
ma gi c  c a rpe t  i s  b a se d  o n t he  t a rge t  he a r t  r a t e
(T HR)  whi ch is  a  p e rc e nt a ge  of  the  MHR Be-
cau se the  THR inc rea ses  l ine arl y wit h i nte ns i ty
ofwork, e ach p laye r cho oses  a  THRbas ed on the
inte ns i ty o f work he /she  fe els  is  mos t  su itab le .
The choices  range from very light (30% of MHR)
to  v e ry he a v y  (8 5 % o f MHR) . T he  s c re e n i s
divided into four equal horizontal zones  in which
a player is  a llowed to float.  Zone 1 begins  a t the
bottom of the  screen,  and Zo ne 4 ends  a t t he  top
of the  screen (figure  1). Ea ch zo ne  co r re sp o nd s

to a  ra nge. A ra nge is  1/4 of the  diff ere nce be-
twee n the  T HR a nd the  res ting he art ra t e  (RHR)
whic h i s  us ua l ly  s e t a t  8 0  b pm. A pl ay er  mus t
have a  hea rt ra te  be tween the  RHR a nd the  RHR
pl u s 1 ra nge  t o  f l o a t  i n Zo ne 1 ,  a  h e a r t  r a t e
between the  RHR plu s  1  rangea nd the  RHR p lus
2 ranges to float in Zone 2.  and so on.  Therefore .
Zone  4 incl ude s  the  T HR a nd is  c all ed t he  THR
zone.  A player a lways  floats  to the  top of a  zone
and  hov ers  t he re  unti l  his  / her  hea rt ra te  qu al i-
fies  for t he  next zone.

The ince nt iv e  to  r emai n i n the  THR zo ne  i s  the
grea tes t oc cur rence o f " goo d" o bje cts  and  le as t
occurrence of the  "bad" objects .  Going above the
THR zo ne,  i . e . , over  - e xert ion,  is  unne cess ary
becaus e one will  a lready  be in the  highes t  zone.

For  examp le ,  to  s ee  how the T HR ca n e limina te
phy s i ca l ad va nt ages , su ppo se  p la ye r 1 is  a  b e-
ginner , and  p lay er  2 is  a  we ll-  c ond it ioned  a t h-
le te . Player i  can se t his  THR at 60% of his MHR
and  p la ye r 2  c an s et he r THR a t 80 %. Player 1
wil l  no t ha ve to  work as  ha rd  t o be  in t he  T HR
zone and will  s ti l l be  able  to compete . In this  way,
the  d i ff e r enc e i n a t hl e ti c  a b i li t y i s mi ni mi zed
because the  perceived intens itylevel is  about the
s a me .

To create  a  more co mpetitive  environme nt, three
sc o r i ng s c he me s  a r e  us e d . T he  ru nni ng p o i nt
tot a l of  the  t wo  pl ay ers  wi ll  be  s hown o n sco re
bars  appe aring a t  the  top  of the  scre en, with the
pla ye rs  sc ore  rep re se nt ed by  b oth t he  changi ng
lengt h a nd  c olo r (re d,  y ell ow, gre en) o f the  b ar
(figure  1).  When the score  bar is  in the red region
fro m c o l l ec t i ng t o o ma ny  " b a d " objects , the
pl a y er ' s  c ha ra c t e r wi ll  get  " fa t t e r"  a s  he  go e s
fu r t he r  i nt o  t he  r e d  r e g i o n. Fo r  e ve ry  po i nt
deducted, a  pointis addedto the  opponent.  When
the sc ore  b ar is  in the  yell ow re gion, sco ri ng is
normal and does  not affect the  o pponent 's  score .
When the  s core  bar i s  in the  green regi on, e very
po i nt  sc o red  re s ul t s  i n a  po i nt b ei ng deducted
fro m t he o pp o nent .

nWLICATIONS

SAAV is no t  j u s t  a mo ti v at i onal  a i d fo r  t he
di sa b le d,  bu t  a  mo ti va t io nal  a i d fo r  a l l  pe o pl e
who believe that exercis ing should be  enjoyable .
For this  reason, health clubs  can use SAAV as  an
a t t r a c t i o n fo r  n e w  me mb e r s ,  a nd  t he n  p ro f i t
from t he ad ditio nal member ships  can be ap plied
t o  o f f s e t  s o me  o f  t he  c o s t s  i n p u rc ha s i ng t he
stationary exercise  equipment for disabled people .
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The  goal  i s  t o ha ve he alt h c lu bs  u se  SA AV wi th
exis ti ng e xe rc is e  e qu ip me nt  i n c onju nc ti on wit h
exe rc i s e  e qu i p me nt fo r d is a b le d  i nd iv i du a l s  s o
tha t t hey  ma y  ha v e a  co nve ni ent  p l a ce  to  e xe r -
c ise .

DISCUSSION

The advantages  in us ing SAAV is  two fold.  Firs t ,
SA AV t ak es  a dv anta ge  o f the  he al th c lu b a t mo -
sp here  a nd t here fo re  p rov i de s  a n e xt ra  mo t iv a -
tio nal  a i d t o p eop le  for  exerc is i ng. In a dd i t io n,
unlike  mos t motivational a ids, SAAV uses  friendly
co mp et it io n from anot he r indi vi d ua l to  i nc re as e
moti vati on t o exerci se .  Seco nd, moni tori ng heart
r a t e  i s  t he  he a l t hy  w a y  o f  m e a s u r i ng a e ro b i c
fitness  by giv ing dir ect fe edback.  SAAV k eeps  a
rec ord o f pre vi ous  s ess io ns  fo r ins ta nt re cal l  of
one 's  pro gre ss .

One of the  main a ttr actions  of  this  game  are  that,
rega rdle ss  o f the  f itne ss  l evel , u nequ al c ompe ti-
tion is  virtually e liminat ed thus  a llowing friendly
co mp et i t io n. In a d d i t i o n,  b e c a u s e  i t  o nl y  r e -
q u i r e s  a n  IBM  c o mp a t i b l e  c o mp u t e r  a nd  t wo
heart ra t e  monito rs , the  low -cos t  inves tment is  a
me a ns  t o  i nt e gra t e  t he  d i s a b l e d  a nd  no n -d i s -
ab l e d  po p u l a ti o ns .

Fut ure  pl ans  wil l  incl ud e v er ifyi ng this  c once pt
i n a  p i l o t  s t u d y  u s i ng s u b j e c t s  i n a  s i mu l a t e d
he a l t h c l u b  e nv i ro nme nt .
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NATIONAL RURAL RESOURCE PROJEIC'P

Rig J. Urbw"oski, James W. Vargo
University of Alberta, EdmMton, Alberta

The National Rural Resource Project

(NRRP) is a project of the Department of

Occupational Therapy at the University

of Alberta developed in 1991 as a result

of needs expressed by rural consumers

with disabilities. The mandate of NRRP

is to assist rural Canadians with

disabilities and their families lead

full and productive lives through

information and education, research, and

networking.

National
Rural
Resource
Project

Introduction
Farm life has many unique facets which

pose special challenges for farmers with

disabilities and their families. These

challenges may relate to the physical

environment, work roles, family life, or

personal adjustments to new situations.

Farm life is distinctive in the demands

it places on individuals in a family

unit and on the family as a unit of

production. How work is organized, how

people relate to each other to get the

work done, and how people get their

individual needs met is a daily

challenge. Sometimes work and family

life must be re- ordered to meet the

needs of the person with the physical

disability, the family, and the farm

firm as well. In these instances,

families may require assistance in

making the adjustments necessary for

fulfilling and rewarding lives_

14.6

In 1987, Regina, Saskatchewan, hosted a

national conference called "Shifting

Gears" which focused on the needs of

farmers with disabilities and their

families. One of the primary concerns

that emerged from this conference was

the need for a national mechanism which

could provide help and information to

disabled farmers and their families.

The first step in meeting this need was

the formation of a committee under the

auspices of the Canadian Paraplegic

Association. That committee recommended

the establishment of a c entre whose

mandate would be to provide rural

Canadians with information regarding a

wide variety of disability issues. Two

years ago, the Department of

Occupational Therapy at the University

of Alberta undertook the task of

establishing and housing such a resource

centre. In 1991, DowElanco Canada

provided funding for three years to the

newly established National Rural

Resource Project to begin operations.

Since then, additional funds have been

received from sources such as

Agriculture Canada and the Alberta

Paraplegic Foundation for specific

projects conducted by the National Rural

Resource Project.

Philosophy and Goals

The philosophy of the National Rural

Resource Project (NRRP) is that rural

Canadians dealing with disability can

lead full and productive lives, given

the appropriate resources. Many

resources are available to help families

cope with disability, but unfortunately,

these resources are often inaccessible

to people living in rural areas. Even

when resources are accessible, many

people are not aware of them. The goal

of the NRRP is to inform and educate
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rural Canadians on issues related to

lifestyles and disability.

It was realized early on that there was

a need to develop new and innovative

ways to disseminate information to rural

Canadians. The Department of

Occupational Therapy struck a core team

to operationalize the philosophy and

provide direction for the project. The

first tas k o f the  co re team was to

design parameters for the project that

included accessibility and flexibility

in responding to a variety of identified

community needs. From a review of the

literature, it was decided that this

could best be accomplished through the

use of cluster teams. The advantages of

the cluster team approach include the

following:

1. Each team is allowed to progress

at its own pace.

2. Each team is a self- sustaining

unit, which means that there is no

need for a hierarchy of

supervision.

3. Each team is organized around a

specific content theme and exists

to achieve a specific purpose.

4. The human resource requirements

for a cluster team approach are

less than those for conventional

methods.

5. The time commitments for volunteer

team members is flexible according

to the needs and availability of

the team.

6. Administrative costs are minimal.

Through consultations within the

Department and with persons with

disabilities and their families it was

recommended that NRRP engage in the

following projects:

1. Develop informational brochures.

2. Investigate the impact of a

p a r e n t ' s d i s a b i l i t y o n

ps yc h ol og i ca l and social

development of their children.

3. P r e p a r e p u b l i c s e r v i c e

announcements.
4. Distribute currently available

media productions.

5. Produce and distribute a national

newsletter for farmers with

disabilities and their families.

6. Write articles to be distributed

through a network of rural

newspapers.
7. Establish a network of

professionals and consumers

brought together by a common need.

ACCESS

Three dimensions related to access have

been identified:

1. Information. Information related to

disability and lifestyle must be easily

accessible to rural Canadians. To

achieve this, NRRP has developed

linkages with organizations and agencies

that have grassroots connections with

the rural community, eg. - rural health

units, organizations for disabled

farmers, agricultural associations, and

rural newspapers.

2. Service. NRRP does not provide

direct client service. Instead, it

serves as a catalyst whereby the

consumer and provider can be brought

together. In exceptional circumstances,

such as where no service is available,

NRRP may provide services depending on

the nature of the need and the

availability of resources.

3. Collaborative projects. NRRP is

seeking to further develop partnerships

in projects which lend themselves to our

philosophy and operating principles. We

are pleased with our progress to date,

but would like to expand our

collaborative efforts to include others

currently not involved. The goal of

this collaboration is to bridge the gap

between professionals and rural
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consumers regardless of where they live

and work.

Future Directions

Future directions of NRRF will focus on

three areas: information and education,

research, and networking. Specific

projects planned for each of these areas

are as follows:

1. Information & Education

a. expand the pamphlet series in the

three tracks of individual well-

being, family life, and

environmental modification. Two

more are currently in progress:

Asking for Help, and Safety in

Equipment Modifications.

b. develop and distribute a quarterly

newsletter .

C . establish partnerships with

content experts who will

contribute to our rural newspaper

article series.

d. d e v e l o p a n d d i s t r i b u t e

informational materials using a

wide variety of media sources:

print, audiotapes, videotapes.

e. to continue to present the

philosophy, goals, and progress of

NRRP at national and international

meetings.

2. Research

a. to foster research on the farm

family and disability through

liaison with community, service,

professional, and educational

organizations.

b. to conduct basic research on the

physical demands of farm work.

C . to investigate the effect of

parental disability on their

children.
d. to examine the most effective

means of adapting the farm

environment when conventional

methods have failed.

3. Networking
a. to continue to build an

information dissemination network.

b, to expand the base of rural

consumers who could benefit from

NRRP services.

C .
to develop and maintain a registry

of content experts who could

contribute to NRRP activities.

d, to refine our mechanism for

linking consumers with content

experts.

Reg Urbanowski, MSc

Project Director
National Rural Resource Project

Department of occupational Therapy

Faculty of Rehabilitation Medicine

University of Alberta

Room 3 -45 Corbett Hall

Edmonton, Alberta

T5G 2G4
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1 4 . 7

Introducing Seating Concepts in Rural Areas: A Model

Jean Anne 7Alllars, PT and Jamie Noon, Seating Clinician
Rehabilita tion Engineering Center

Lucile Salter Packard Children's Hospital at Stanford
Palo Alto, California USA

A b s t r a c t
A model for introducing seating concepts in
rural areas was developed from the authors'
expe ri ence s in rural Mexico. The
i ns t r u c t i o n a l a p p r o a c h i nc l u d e s a n
illustra ted Special Searing manual, a three -
day ins tructional course, and a des ign for an
inexpens ive seating evaluation chair.

I n t r o d u c t i o n
This se at ing ins t ru ct io na l mod el was
inspired by two projects in Mexico where
innovative seating is provided to children
and adults . Project Proiimo, in Ajoya,
Mexico, is run by people with disabilities
who ev al ua te ind ivi dua ls and prov ide
app rop ria te therapy, wound ma na ge me nt ,
technology, and vocational tra ining. The
instructional model is intended to expand the
workers unders tanding of seating concepts
and to stimulate the development of designs
and materials to improve the effectiveness of
their seating sys tems . This ins truc tional
model assu mes that many people with
disabili t ies in rural areas live far from
rehabilita tion centers , have little access to
phy s ic al and occupa tional therapy, and
rehabilita tion technology suppliers . Often
pe o p l e c a nno t pu rc ha se co mme rc i a l l y
available wheelchairs and seating systems
because of the high cost.

In June 1991, the authors and ten workers
from Project Projimo designed and built a
seating evaluation chair. A one day course
was then tau ght which incl uded the
assessment of persons for special seating, an
evaluation demons tration with a child, and
fitt ing the evaluation chair to the child.
Subs equ ent to this vis it , an illus tra ted
manual was written to guide people in
seating assessment and the desin of seating
sys tems for people with disabilities. Thus,
the model we are introducing has three
components : the Special Seating manual, an
ins tructional course , and a des ign for an
inexpens ive seating evaluation chair.

Special Seating Manual and Course
This 63 page manual is written for
c o mmu ni t y he a l t h wo rk e r s , pa re nt s ,
teachers , and anyone who is making a
special seat or cushion for a person with a
disability. The manual does not use medical
or therapy terms which are often confus ing.
The manual is written with understandable
language, and is fully illustrated for clarity
and to assist people who do not read well. It
first discusses the importance and goals of
seating. Then it covers physical, functional,
and pos tural assessment with a s trong
emphas is on hands -on evaluation. The
course is designed to be taught in three
eight -hour days . It follows the Special
Searing manual, but includes slides and
videotapes (if this technology is available);
extensive hands -on practical work with each
other and clients ; use of the seating
ev al u at io n chai r and /or "mocking -up"
seating sys tems; and brains torming about
the design and fabrication of the devices.
After the completion of the three day course,
instructors of the course will work with the
partic ipants building seating sys tems for
cl ie nts .

SP EC IA L r
S E A T I N G

Written by Jean Anne Zollars
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Seat ing Conc epts in Rural Areas

Seating Ev aluation C ha i r
It is important to take seating concepts out of
theory and show concrete seating options.
This can be accomplished by "mocking -up"
seating systems and /or by using a seating
evaluation chair. The workers at Project
Projimo thought an evaluation chair would

be helpful, so the authors conjointly with
the workers designed and fabricated this
device. Because the workers were involved
in the chair's development, they were more
motivated to use it than if the device had
been given to them. The evaluation chair
facili tates measuring seating dimensions and
angl e s , ins te ad of us ing co nfu s i ng
goniometers or measurement tools. The
evaluation chair needed to he simple and
inexpe ns ive, made of readily available
materials, and multi - adjustable to position
people of varying sizes and disabilities. The
original chair was cons tructed mostly of
wood. It was adjustable in seat depth, seat to
hack angle, orientation in space, leg length,
and knee angle . Adjus table pos itioning
components such as lateral trunk supports,
hip supports , medial and latera l thigh
supports, head support, and anterior chest
support were also used. The angle of  t he seat
and back were achieved by using a common
axis and telescoping tubing.

The hope is that the evaluation chair design
will continue to evolve or perhaps remain
somewhat undefined, such that each one is
different and best suited for its particular
location. Some new des igns are being
explored to meet changing design criteria.
In addition to the original des ign criteria,
new designs will he lightweight, portable
and easier to make. One possible idea is a
tubular frame which can be folded and
carried like a backpack. Optimally, this
system will fit into a standard wheelchair so
that people can he evaluated for self -
pro p u l s i o n.

C o n c l u s i o n
Offered here is a problem solving approach,
a framework, not a definitive method for
seating. If this approach is effective, local
workers will be able to use this information
as a foundation and create innov ative
seating sys tems according to their clients
individual needs. It is important that ideas
are shared and exc ha nge d, ra ther than
imposed. The community workers must be
involved in every step of the learning and
designing process, so that indeed they will
continue the service after the ins tructors
lea ve.

Please send design ideas or comments to:
Jean Anne Zollars, Jamie Noon
Rehabilitation Engineering Center
Lucile Salter Packard Children's
Hospital at Stanford
725 Welch Road
Palo Alto, CA 94304
(415) 497 -8171
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14'8 A RESOURCE MANUAL OF AGRICULTURALLY RELATED ASSISTIVE

TECHNOLOGIES FOR FARMERS AND REHABILITATION PROFESSIONALS

Dean A. Brusnighan
Breaking New Ground Resource Center

Purdue University, Agricultural Engineering Department
West Lafayette, IN U.S.A.

ABSTRACT

Each day there are probably hundreds of new solu-
tions created by farmers with disabilities to over-
come problems that they commonly face. Exam-
ples range from castrating pigs using one hand to
mounting and driving a tractor without the use of
one's legs. In addition, producers with disabilities
discover commercial products that save time or
frustration when performing certain farm tasks.
These commercial products and self -made solu-
tions, which can be referred to as rural assistive
technology, are a valuable resource that should be
utilized both by other farmers and by rehabilitation
professionals. A resource manual containing
descriptions of a wide variety of rural assistive
technologies applicable to a wide range of disa-
bling conditions is described.

BACKGROUND

An estimated 500,000 farmers, ranchers and agri-
cultural workers in the United States are severely
hindered in the completion of essential agricultural
work tasks because of physical disabilities. These
disabilities include not only the most obvious
forms such as amputations and spinal cord injuries
but also a wide variety of other disabling condi-
tions such as low vision, hearing impairments,
arthritis, chronic back pain, heart conditions, and
respiratory impairments. Experience has shown
that many of these individuals possess interest in
and a desire to remain actively involved in their
farm operations. With proper worksite
modifications and appropriate assistive technolo-
gies, most farmers with disabilities are able to
work productively on their farms. However,
difficulties sometimes impede an individual's
return to work.

One problem lies in the farmer's inability to access
information regarding the needed agricultural
modifications or technologies. Farmers, ranchers,
and agricultural workers with physical disabilities
frequently lack access to ideas and solutions of
others who have overcome similar worksite prob-
lems. In addition, no databases are currently avail-

able for agriculturally related technologies that
would permit a farmer to search for existing solu-
tions. There is  a general lack of resources that
allow farmers with disabilities to discover or exam-
ine potential solutions.

Another difficulty is the lack of experience many
service providers have with agricultural enterprises
and the associated equipment, tools, and structures.
Thus, they may also lack information on which to
base recommendations for rural assistive technol-
ogy for their farm or ranch clients.

OBJECTIVE

To assist both farmers and service providers, the
Breaking New Ground Resource Center has
developed and published a resource manual that
helps readers identify existing solutions to com-
mon problems encountered when farming with a
physical disability.

APPROACH

Containing over 400 pages of solutions, photos,
descriptions, and resources currently being used by
agricultural producers with physical disabilities,
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RURAL TECHNOLOGIES RESOURCE MANUAL

Agricultural Tools, Equipment, Machinery &
Buildings for Farmers & Ranchers with Physical
Disabilities, Volume 2 provides a single source for
simple, effective solutions to many problems com-
monly encountered by these producers. Topics
include: lifts and techniques for accessing agricul-
tural equipment, control modifications, commercial
accessories for agricultural equipment, modified
tools and specialty equipment, agricultural building
modifications and worksite accessibility, lifts and
techniques for accessing automotive equipment,
and recreation. Resources include: safety informa-
tion, agricultural worksite assessment tools, techni-
cal reports of concern to producers with disabili-
ties, and a rehabilitation technology bibliography.

Gathered from both individuals and commercial
sources, each solution presented in Volume 2 lists
the problem that the item described helps over-
come, the name and address of the source of the
solution, the cost when possible, and a full descrip-
tion of the solution with one or more photographs.

DISCUSSION

Documentation of rural assistive technology in
such a resource manual can provide a variety of
benefits. These include: 1) an increased awareness
that farmers with disabilities are capable of return-
ing to farm work, 2) an opportunity to review the
relative safety of a farmer -built solution, perhaps
leading readers to avoid the same unsafe practices,
and 3) a reduction in the amount of time invested
by farmers to develop and build a rural assistive
technology solution.

The most basic benefit isan increased aware-
ness in both farmers and rehabilitation profession-
als that individuals with disabilities can continue to
work productively in a farming operation. Reha-
bilitation professionals in urban centers, where
agricultural workers are often sent after a disabling
injury, are made aware that farming as an occupa-
tion can continue for the individual. A farm family
viewing a collection of solutions from other farm-
ers with disabilities in similar situations can
receive encouragement that their situation is not
unique. Volume 2 accomplishes this by providing
concrete examples of farmers and ranchers who are
cultivating their own independence by working on
the farm in spite of a disability.

A compilation of rural assistive technology
solutions also provides a setting to critically review
designs for good or poor attention to safety so that
readers can benefit from the comments made. By

discussing the safe and potentially unsafe aspects
of farmer -made solutions included in Volume 2, it
is believed that readers can be influenced to incor-
porate some of the safety features discussed and/or
to avoid unsafe aspects in any resulting solutions
that they might build.

Providing descriptions and photos of existing
solutions can reduce the amount of time a farmer
spends designing, developing, and building a solu-
tion for his/her own use. A farmer can choose to
use or adapt an idea that has already been built and
proven to work in a similar setting. Reducing the
time spent to design and build a solution results in
a more rapid return to productive work.

The size and distribution of rural populations to
be served dictate that rehabilitation professionals
cannot currently provide all of the solutions. We
must make use of the solutions which are already
available from those who best understand their
problems -- farmers. Rural assistive technology,
especially that created by farmers, is a valuable
resource that should be taken advantage of.

You are strongly encouraged to send descrip-
tions of rural assistive technologies to the author.
The Breaking New Ground Resource Center con-
tinues to collect and compile these ideas to produce
a forthcoming supplement to the Volume 2
resource manual. Only by sharing the solutions we
all encounter can these rural assistive technologies
be made accessible to the widest possible audience.
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15.1
Design for Commercialization

Cabell C. Heyward, Riley Hawkins,
Alan Harp and Niki Elder

Abstract
One of the most frustrating dilemmas in the
field of rehabilitation engineering is the
unavailability of products and devices
needed by persons with disability, despite
the large numbers of custom built devices
designed specifically for the use of an
individual client. Many efforts on the part of
designers and engineers are unknowingly
duplicated, efforts to commercialize
products rarely meet with success, yet
there are many indispensable and low cost
commercial items purchased by the
disabled population that were not even
intended for the disabled market.

One solution may lie in the broadening of
the applicability of the concept for the new
device to include larger markets, the result
being that disabled persons could take
advantage of the greater likelihood of the
product being mass - produced, and
reduced purchase price and increased
reliability once the device is in production.

Problem Statement
The Center for Rehabilitation Technology
is involved in a continuing partnership with
the State of Georgia Division of
Rehabilitation Services to develop
assistive devices for state Clients seeking
employment. This effort has resulted in the
development of hundreds of new devices
presently in use by state clients over the
past ten years. Almost always, these
devices are experimental and are unique
to the client and his vocational needs.

One of the goals of the Center is the
commercialization of devices that
demonstrate merit to others besides the
client for whom it was originally designed.
A sister organization, Center for
Rehabilitation Technology, Inc. employs
marketing personnel to evaluate each new
device and, where possible avail them to
others through publishing, licensing, or, as
in the case of the AbleOffice workstation
system, producing it through local industry.

`There are many similar efforts to CRT
going on nationally, yet it is still apparent
that products needed by individuals with
disabilities are neither available nor
affordable. There is a tendency in the
rehabilitation engineering field for
development efforts to be duplicated
repeatedly as devices are custom built to
suit the needs of only one client.

'There is the inherent difficulty in marketing
products intended for use only by disabled
persons. A small market means low
production volume and high retail cost.

`There are many commercial products
found to be very useful to persons with
disabilities that are inexpensive and
available, that were targeted towards other,
much larger markets: remote appliance
switching devices and alternative signaling
devices for telephones sold by Radio
Shack, speaker phones, electric staplers
and letter openers, magnetic hammers,
keyboard trays and etc.

Approach
Recent projects at the Center have
provided opportunities for the design of
new devices where the design
requirements were expanded to satisfy
more than the requirements of the client at
hand. If a device can be designed for
broader application from the start, even to
include segments of the able bodied
population, then the ultimate availability of
the device to the disabled population
should improve.
These cases will illustrate:

Solutions:
1. The client is blind with cerebral palsy
and works in a film development lab where
the work surfaces are of varying heights.
The client uses a wheelchair and must
share the work environment with other
employees. Elevating wheelchairs were
dismissed as unaffordable. The furniture
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Design for Commercialization

could not be changed without undue cost
and adverse effect on others also using the
equipment.

A device designed to elevate the clients
sitting height in her wheelchair was
considered until it was realized a more
broadly applicable solution was to design
an office chair in which the seat height
could be adjusted under power. A typical
model was chosen; an Ergon ER210 by
Herman Miller, and the pneumatic cylinder
was substituted for a device using a gear
driven power screw and a battery powered
electric motor. The client has used the
chair daily for nearly a year at the time of
this writing. The client transfers from her

wheelchair and propels herself short
distances by pushing along the edge of the
work surface. After three months of use, a
repair and design modification was made,
however, the chair has performed reliably
since then. It is believed that there is a
large able- bodied market for this device
since there are many who take advantage
of pneumatic cylinder chairs who cannot
remove their weight from the seat in order
to elevate.

2.This client is a one -arm amputee who
works as an automotive damage claims
adjuster. Rather than take notes, he enters
information into a hand held "inventory
computer ". It is impractical to rest the unit
on an available surface to press buttons, or
to use his thumb while holding the unit with
the four fingers. The solution in this case is
a "shelf' onto which the unit is mounted,
which is worn on the belt. The shelf is
adjustable in angle and folds in a vertical
orientation to function as a carrying case. It
does not need to be removed during the
course of a days work and provisions are
made for it to be recharged and plugged
into a processing computer while still
mounted in the device. It is also useful to
inventory clerks who need both hands free.
It can be easily made to accept minor
variations in size of inventory computers or
calculators.
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3.The client in this case has a spinal cord
injury at the C4 /C5 level. He was seeking
employment as a telephone salesman with
a major mail order catalog company. He
was set up with computer equipment
accessed by mouthstick to process orders,
but was still required to memorize and refer
to items in any of twenty nine catalogs and
sales flyers. There were several
commercially available items that would
have provided access to the catalogs
including components of the AbleOffice
system. However, an additional
performance requirement was decided
upon: it should take no more than one
minute or so to locate a catalog item. The
solution takes the form of a catalog rack
which slides from side to side under power.
As the catalogs pass a central flipper bar,
the catalogs are opened then closed in
succession. Two momentary push buttons
control the direction in which the rack
travels. The largest catalogs are divided
so the client never has more than 100
pages to turn by mouthstick. The speed at
which the catalog rack operates means
that it could be useful as a means of
increasing efficiency for anyone working
with reference books.

Discussion
In each case it was realized that a direction
for design development could be chosen
that would maximize the applicability of the

final solution, rather than to only satisfy the
requirements of the client. In no
instance were the needs of the client
compromised for the sake of the product.
While no cost comparison is available, it is
felt that the cost in terms of additional funds
or time required was not significant in the
examples mentioned.

Despite each client having received an
untested prototypical device, as they would
have, there is an advantage in that fewer
development projects will be needed to
advance the device to a pre - production
stage, and to generate a complete set of
working drawings in preparation for
licensing or production. When a license is
sought, the number of potential buyers will
be greater, as they will for the device once
in production.
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Computer /Office Ergonomics for Persons
with Physical Disabilit ies

Jeff Symons
California Department of Rehabilita tion

I n t r o d u c t i o n

Before evaluating various computer access
methods for persons with physical disabili ties
the ergonomic pos ition of the person and
eq ui pment should be cons id ere d. Pro per
pos ition of both user and equ ipment is
essential to enable the user to access their
environment with the least amount of stra in
on their body. When looking at the ergonomic
pos ition one must look at the entire person
and envi ronment because what affects one
person or part of the body can often affects
others. Ca re must be taken to not solve one
problem while creating another one. If the
equipment is positioned in such a way that
makes it eas ier for the person to see a device
but requires them reach in an awkward
manner to access the device, this may not be
the best solution.

Besides computer access most jobs require a
variety of other tasks such as writing, fil ing
and telephone work. In each of the tasks the
ergonomic position of the person and devices
should be assessed. In addition, envi ron-
mental factors such as others who may have to
use the same equipment or space must be
addressed.

This paper will discuss the principles of
ergonomic pos itioning of persons w i t h o u t
physical disabili ties and how the same prin-
ciples can be applied to persons with physical
disabil i t ies .

B a c k r o u n d

Some general principles of ergonomics are:

• Try to keep the body in as anatomically
neutral a posture as possible. Long term
asymmetric postures can be detrimental.

• Muscles can perform their best when
they are at or  nea r the center of t heir
range of motion. Repeated reaching and to
perform a task can be detrimental.

• Lis ten to your body.  If a  task is
causing pain or discomfort try to think
about what could be causing this and
how to change this pos ition.

• Take frequent short breaks and
cha nge pos itions .

15 . 2

The proper ergonomic pos ition for a person
sitt ing at a desk is (see figure 1); feet flat on
the floor or footrest with the knees bent at no
mo re than 90 4 . The thigh -to -torso angl e
should never be less that 904 , and preferably
1109 to 1454 . The head should be kept in nea r a
neutra l position as possible. The work height
should be even with or slightly above the
point of  the elbows. Work height should not be
confused with the desk height. The work
height is the height from the floor to the
object or equipment the person is work ing pn.
For example if the person is typing on a
ty pe wri te r the work he i ght would be
measured from the floor to the home row keys.
The desk height is 2 " -3" lower than this. The
work should be placed at a comfor table
dis tance from the person. Each individuals
best visual acuity distance is different, normal
visual acuity is between 15 " -25 ".

The appropria te ergono mic pos ition depends
on the individual as well as on the task.
Computer work is generally done in an
upright s itt ing pos ture , while reading and
writing are generally do ne in a forward
leaning pos ture. The proper chair and desk
hei ght for working on a comput er will
probably not be the ideal for reading or
writing. There are several ways to achieve the
opti mum positioning of a person and the
equipment they must access. For example , a
height adjustable desk could be used for an
individual that needs a lower desk, or a foot
rest could be used with a standard higher desk.

Viewing distance

MONITOR

EYE HilLEVEL
HT.

ARMREST
HT. DESK

SEAT HT. HT.
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C o m p u t e r  / O f f i c e E r g o n o m i c s

E q u i p m e n t

C ha i r
There are ma ny s imila rit ies between the
proper ergo no mi c seating for an ergono mic
office chair and for a wheelchair user. The
seat of the chair should evenly support the
thighs , while the feet should rest flat on the
floor or footrest. There should be about 2 -3
inches behind the back of the knee and the
end o f  t he chair. The chair should not be more
than 2" wider than the person. The armres t
should be slightly higher than the point of
the el b ow. Si nc e most people will be
pe r fo rmi ng a varie ty of tasks such as
co mp ut er work, writ ing and reading that
req ui re di f f er e nt pos tures an ergo no mi c
cha i r sho u l d be ad ju s t ab le e no u gh to
accommodate the different postures . The seat
must raise and lower as well as tilt back and
forward to acco mmod ate the different pos-
tures. The backres t should also be adjustable
in height and tilt forward and back to fit the
curvat ure of the user and their pos ture .
Persons who have neck problems often prefer
a backres t that also provides some neck
support as well. Some ergonomic office chairs
offer adjustable arm rest to enable the user to
pos ition the armres t at the proper height.
Trying a cha ir for 5 or 10 minutes in a
showroom is much different than us ing it at
the work site. It is best, if possible, to get a
loaner chair for a day for the user to evaluate.

Desks /Work surfaces
The standard desk is 28 " -30" high which is
ap p roxi mat e l y a good he i ght for most
individuals that are 5'8 "- 5'10" tall. The proper
desk height is one where the work can be
accessed with the elbows bent at 902 or
slightly greater. There are 4 basic types of
desks ; the standard nonadjus table ones , those
that can be set at a particular height when
assembling, ones that can be adjusted by a
crank and those that have power adjus table
height feature . Some nonadjus table desks can
be raised by putting leg extenders under the
legs. However these only work if you need to
raise the desk. Typically a person in a
whe el cha ir seat he i ght is hi gher than a
person in a office chair, therefore the desk
needs to be higher. If  l eg extenders are used to
raise a work surface to the proper height for
an individual, if others must use this same
work surf ace their needs should also be
addressed. A desk where the height can be set
when as s e mb l i ng can be benef ic i a l in
s ituations where there is only one primary
user of the desk and they need it a particular
height that a standard desk will not work. In
particular if the desk needs to be lower than a
standard desk. The reason for the a crank

adjustable desk might be if  ot her s had use the
desk, or the user had to significantly change
pos itions several times a day. The crank type
desks are particularly useful in situations
where there are multiple users with varying
needs . A power adjus table height desk is
useful when the user must change positions
frequently. For example a person who can sit
for only a short period of  t i me and then needs
to stand. A crank desk could be used but
having to crank a desk up and down several
times a day can be not only time consuming
but stressful as well.

Computer Monitor and Keyboard
The neck and head should be kept in a neutral
pos ition. The top of the monitor should be at
eye level. Frequently monitor arms are used to
accomplish this. Monitor arms also enable the
user to pos ition the monitor the best distance
away from them for their visual acuity. The
keyboard should be positioned such that the
wrist stay in a neutral position and not resting
on sharp corners of a surface. Many keyboard
drawers are available that enable the user to
adjust the height and angle of the keyboard.
In addition to the monitor and the keyboard,
the position of the documents that the person
is working from should be addressed. There
are a wide variety of document holders that
can be used to keep the neck in a neutra l
pos it io n. Ho wev e r when ap pl yi ng these
principles to persons with disabili t ies the
pos i tion of the eq u ip ment can cha nge
dras tically. For example the case where the
person accesses a keyboard with a mouthstick.
In order to keep the head and neck in a
neutra l pos ition the keyboard should be re-
positioned. One possible position is mounting
the keyboard tilted up vertically and just
below the front of the monitor. There are desk
that have the moni tors mounted in them.
While this can make it easier to see the screen
and keyboard at the same time it can require
the user's neck to be cons tantly flexed
forward. Another example is for someone who
has good gross motor control of  t he re arms but
lacks the fine mo to r co nt ro l to s trike
individual keys a typing aid can be beneficial.
Some typing aids require the wrist be rotated
so the palms face down in order to use them
while others allow the palms to face each
other which can be less stress ful than the
palms down because not as much rotation is
r e q u i r e d .

T e l e p ho ne
Often people who use the phone must also
write at the same time. With a standard phone
receiver a person often bends there neck to
one side to hold the phone while they write.
This can cause a lot of stra in on the users
neck. A phone shoulder rest can help this
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relieve the stra in. A headset enables the user
to keep a good ergonomic neck pos ition and
the hands are free to do other tasks. However,
persons with limited range of motion and
strength may not be able to independently
don and do ff  a headset. There are new cordless
headset which enable the user to move around
untethered but a user may still need help to
don and doff the headset. A speaker phone,
while often used in home situations , is only
sometimes used in office situations because of
the lack of privacy. An example was a woman
who had arthrogrypos is and used a chin
control for her wheelchair. She worked as a
receptionist and used a mouthstick to access
the phone but used an attendant to hold the
phone. The various options were discussed.
She wanted to be as independent as possible.
While the cordless headset would make her
independent around the office she would still
need help to don and doff the headset. We
discussed mak ing a mou nti ng bracket that
would enable her to independently don and
doff  the headset, however she did not like the
cosmetics of t his . A phone on a gooseneck was
then discussed and this was seen to be more
cosmetically acceptable to her. The phone was
also tilted up to enable her easier access to the
buttons and reduce the strain on her neck.

F i l i ne
Filing can require a person to be reaching
and lifting at the end of their range of mo tion.
This can also be a very asymmetric posture.
Often people with limited range of motion
and /or s tr ength have trouble access ing a
standard filing cabinet. Reaching to get the
files in the back can be difficult and some
drawers are difficult to reach. One item that
can make this task easier is a lateral file
cabinet. A lateral file cabinet does not require
the person to reach far from midline for
heavy files. Some people do not have the grip
s trength to grasp the files but have the
strength to lift the files. One possible solution
to this problem is to place the files in hanging
folders and tie computer tie wraps through
the front and back of each file. The person
could put his hand through the wrap in front
and in back of each folder and lift them out no
grip strength is required.

Another fil ing item that can be useful for
persons with limited range of motion is a lazy
susan. These can sit on a desk or table and
make multiple items access ible in a small
space. The lazy susan can be spun on order to
make the desired item accessible. Tub files on
a desk can also be used to make files readily
access ible .

Re a d i ng / Wr it i ng:
Reading and writing are usually performed in
a forward leaning pos ture that can cause
strain on a person's back or neck. One way to
reduce the strain on a persons neck and back
is to use a slant board which props the work
up at a desired angle . These are available in
several different s izes from 12 " -24" long.
Another option is there are tables which are
primarily used for drafting that have tops that
can be til ted at diffe rent angl es . These,
however, are much more expens ive than a
slant board. A catalog rack can be used for
large manu als that have to be readily
accessible. There are several devices available
that can help a person grasp a pencil or pen.
From large balls with a pen or pencil through
them to splints where the ins trument can be
attached. Again dep end ing on the disability
the position of the wrist can be important.
Depending on the person and the disability
keeping the wrist in a neutra l position might
be less fatiguing over a long period of t ime.

D i s c u s s i o n

The principles of ergo nomic s should be
applied whenev er poss ible in work site
assessments to reduce the s tra in on the
individual. However when dealing with the
comfort of an individual, every person is
different. The person should not be "forced"
into the proper ergonomic position if they
find that pos ition to be uncomfortable . There
are times when a person will be most
comfortable in what appears to be an awkward
pos ition. For example , a person with a fused
disk at C5 -6 found that looking down at the
keyboard put a lot of s tra in on his neck. If the
keyboard was positioned below the front of
the monitor in a vertical position this would
reduce the stra in on his neck but would
increase the strain on his arms and shoulders
when he accessed the keyboard. Some mobile
arm supports (Ergo Arms) were attached to the
desk that would support his arms at the elbows
and reduce the s tra in on his arms and
shoulders. While this by now means is an ideal
ergonomic solution it is what worked well for
this individual. In addition there are many
devices that are "ergonomically" designed that
may not al wa ys be app ro pr ia te for a
particular person.

Jeff Symons
Department of Rehabilitation /C.A.R.E.
830 K Street Mall
Sacramento, CA 95814
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Utilizing A Rehabilitation Engineer As An Instructor In Undergraduate Occupational Therapy Courses

James A. Lenker, M.S.M.E. & Jo A. Schweitzer, OTR
Department of Occupational Therapy

University at Buffalo
Buffalo, NY

ABSTRACT

The American Occupational Therapy Association has
established a special interest group for assistive
technology in recognition of the increased utilization of
technology as a tool for therapeutic intervention. In
keeping with this trend, the Department of
Occupational Therapy has been utilizing a
rehabilitation engineer as an instructor who has both
graduate and undergraduate teaching respons ibilities.
This paper outlines two undergraduate courses that are
team taught by the  authors: Therapeutic Media 1 and
Job Accommodation.

PART L• THERAPEUTIC MEDIA

BACKGROUND

Therapeutic Media I is the first of three courses offered
by the Department of Occupational Therapy which
address the use of media as therapeutic resources for the
occupational therapist. Though many instructional
responsibilities  are shared, the  occupational therapist
is primarily responsible for introduction of theoretical
concepts and discussion of clinical implications of the
material, while the rehabilitation engineer presents
the laboratory exercises that require students to
experience and apply the concepts being taught.

Topics covered in Therapeutic Media 1 include
introductions to activity analysis, the theory of
purposeful activity, and use of hand tools utilized in
various therapeutic media. These topics are reinforced
through laboratory exercises in woodworking, soldering,
elementary electronics, switchmaking, and adapting
battery- operated toys for single- switch use. All
activities are analyzed and discussed in terms of OT
theory and c linical application.

OBJECTIVE

Therapeutic Media I is designed to address several of
the topic areas required by the AOTA undergraduate
course essentials. Students demonstrate competence in
basic hand tool use as applied to adjustment of
wheelchairs, construction of a woodworking project,
soldering of electronic components, fabrication of an
electronic device, and adaptation of a battery- operated
toy.

METHODS /APPROACH

Instructional approaches for each area of Therapeutic
Media I are described below.

Activity Analysis
Lectures, individual assignments and small group
activities involve analysis of purposeful activities. An
initial activity analysis assignment is given as students
observe a silent demonstration of soldering. The final
activity analysis written assignment requires
description of the fabrication process for the switch and
electronic device project.

Wheelchair Anatomy and Adjustment
An introductory lecture describes and demonstrates basic
wheelchair "anatomy" and mechanical adjustment. For
the laboratory assignment, students work in teams to
look at several variable features in chair design (e.g.
sling vs. solid back, solid vs. pneumatic tires, elevating
vs. standard footrests, etc.) and explore various
mechanical adjustments for manual wheelchairs (e.g.
footrest height, armrest height, etc.).

Woodworking
Classroom demonstration of the appropriate use and
application of woodworking tools precedes a two -part
laboratory project. Students follow an instructor-
provided plan to measure, cut, assemble, sand and finish
a hand loom and an adjustable stand for the hand loom.
Students use their own hand looms and adjustable loom
stands for weaving projects in Therapeutic Media 111.
The concept of "accommodation" is introduced with the
standing frame, which provides adjustment for both
loom height and angle. The capacity for adjustability
and adaptability of a tool or piece of equipment is
stressed as an important clinical consideration when
using therapeutic media.

Soldering, Switch and Call Box Fabrication, and Toy
Adaptation
Lecture and hand -outs describe soldering, fabrication of
switches and simple electronic devices, and adaptation
of battery - operated toys for single switch use. Each
student team is required to fabricate an operational
mercury bulb switch, a light /buzzer "call" box, and a
battery interrupter for single- switch adaptation of a
battery-operated toy. The switches and adapted toys
used for demonstration are borrowed from an OT clinical
setting, which emphas izes the application of the
material being described and demonstrated.

Relevance of 'Technology' to Occupational Therapy
Students do a clinical observation at a job training site
that features computer training for young adults who
have mild cognitive disabilities and a fee - for - service
wheelchair seating and positioning clinic.
Supplemental readings introduce the use of assistive
technology as a function- enhancing tool for some
individuals. Opportunities for undergraduate OT
student involvement in a technology - related area are
also presented.
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RESULTS

The course as described above has been taught twice
(1990 and 1991) to a total of 99 students. Many of the
students are initially apprehensive about working with
tools (e.g., soldering and woodworking) that are
relatively unfamiliar to them, but most emerge from the
course with a sense of confidence that these skills
weren't, "so difficult after all." Music to a teacher's
ears! The complementary elements of course content,
instruction mode (lecture /lab), and instructors'
professional backgrounds are very effective, and the
course has been very popular.

PART 11: JOB ACCOMMODATION

B A C K G R O U N D

Job Accommodation is part of a federally- funded,
Vocational Traineeship Program that provides theory
and practical application of vocational training to
undergraduate occupational therapy students. There is
a shortage of occupational therapists who are qualified
to work in vocational settings, and the three - semester
Vocational Traineeship Program was established in
response to this growing need.

The Job Accommodation course is the third of the three -
semester sequence of courses in vocational training issues.
The first semester involves an introduction to vocational
evaluation, training and rehabilitation, and the second
semester requires a ten -week field work placement at a
vocational training site.

OBJECTIVE

JobAccommodation focuses on improvement of the
working efficiency of individuals who have a physical,
cognitive and /or psychosocial disability. Topics
covered in the course include:

1. Use of personal computers for word processing in work
settings.
2. Information for locating commercially available
services and assistive devices.
3. Ergonomics of workstation design.
4. Job task and worksite assessment.
5. Accessibility of the workplace.
6. Psyehosocia1 issues that affect acceptance of
adaptations to an individual's environment.
7. Clinical assessment of individuals in need of
customized work stations.

Each student must complete a term project that requires
working with an individual who is involved in a
vocational setting. The project goal is to improve client
efficiency through task restructuring, improved
workspace arrangement, recommendation or design of an
assistive device, or recommendation for improved
building accessibility. Students are encouraged to work
cooperatively with the c lient and the employer/ trainer
in order to develop suggestions that are appropriate to
the client.

M E T H O D S

The course was developed and is team - taught by a
rehabilitation engineer, an occupational therapist and
an industrial designer, and each faculty member has
had an integral role in the development and instruction
process. A graduate seminar format is used in order to
maximize individual involvement and group discussion.

The first half of the semester features brief didactic
presentations followed by general discussions that
enable students to compare their previous experiences
with the material that is being introduced. Student
awareness of community resources is broadened by
including a seminar at the local V.A. Hospital, a mini -
conference sponsored by the regional chapter of the
National Rehabilitation Association, and a workshop
on wheelchair seating and positioning held at a
university -based wheelchair seating clinic.

Student projects are assigned at mid -term, and
subsequent class sessions are devoted almost exclusively
to group problem - solving. Where possible, each student
videotapes his /her client at the client's worksite,
which enables classmates and faculty to participate
meaningfully in the process of assessment, problem
definition and problem resolution. Final project reports
consist of summary recommendations directed to the
client and employer /job trainer.

RESULTS

Job Accommodation gives students a directed clinical
experience that applies their accumulated knowledge of
OT principles to the needs of persons in specific
vocational settings. The term projects provide several
unique experiences: application of OT theory and
practice to vocational assessment and adaptation, direct
contact with disabled individuals who are in vocational
settings, and experience working with employers of
disabled persons. With the addition of a rehabilitation
engineer and an industrial designer to the course faculty,
students gain experience working as part of a multi-
disciplinary, problem - solving team. This approach
mimics the realities of professional life where OT's are
exchanging ideas with persons from disciplines outside
of occupational therapy.

The course also bridges the gap between undergraduate
and graduate instruction. For most of the students, the
smaller enrollment and seminar format is their first
taste of the graduate student "experience". The course
was taught for the first time to 5 students in 1991, and
the course will be continued in 1992 and 1993. Students
responded enthusiastically to the course, which
reflected their interest in the topic areas, the shared
expertise of the multidisciplinary instructional team,
and the open - discussion format of the class.

DISCUSSION

Therapeutic Media I and Job Accommodation
successfully combine academic education and prp
clinical experience by augmenting traditional
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A n a l y s i s  i n  t h e  W o r k p l a c e

D a n i e l  P .  G o t t e s m a n ,  G e r a l d  W e i s m a n ,  J a m e s  P .  T r a n o w s k i
V e r m o n t  R e h a b i l i t a t i o n  e n g i n e e r i n g  c e n t e r

Abstract

An integrated hardware and software system

has been developed, that uses

electromyography (EMG), to assess back
muscle activity in the workplace. It is a

portable System for collecting dynamic

surface electromyography data that can be
worn in many situations without affecting

normal activities. The device is designed

to assess a worker's level of back muscle
activity, over a period of up to 8 hours,

during the performance of his /her job.

The data collected may be represented by

graphical output, designed for this
application, that provide a clear picture

of the subject's back muscle activity.
This information may be used in comparing

the back muscle activity levels between
jobs, or in evaluating ergonomic

improvements in a job.

Background

Low back pain (LBP) is a major problem
throughout the industrialized world. High

levels of muscular exertions in the back

have been shown to be risk factors LBP
(Chaffin & Park 1973). Electromyography
(EMG) is widely recognized as a tool for
the assessment of relative magnitudes of

muscular forces. "Surface
electromyography is an important method
for gauging the forces generated in the

underlying muscles." (Stokes 87)

Considerable research correlating EMG with

muscle forces has been done on static

postures where it has been shown that EMG
amplitude correlates with force (Chaffin

1984). Use of EMG to analyze dynamic

activity is more complicated. However, it
is clear that excursions of the EMG signal

do represent innervation of the muscle to

exert force (Corlett 1990).

objective

The objective of this research was three
fold. First, to develop a portable EMG

data collection system to measure back

muscle (Erector Spinae) activity in the
workplace without restricting workers'
activities. Second, to develop analysis

methods to extract meaningful information
from the data that is collected. Third,

to develop graphical presentation methods

to make the data collected accessible and
comprehensible. The system should allow
the comparison of muscle activity for the

same worker across jobs or for the same

job across workers. These comparisons can
be very useful in job assessment, and job

redesign efforts.

Rationale

This system will help in determining the
LBP risk levels of existing jobs, as well

as aid in designing jobs to be less
stressful to the back. The benefits will

thus be a reduced risk of disabling low

back pain, which can be appreciated across
many levels of our society, including

workers, employers and society as a whole.
The worker will have a lower risk of

injury, the employer will have lower
medical costs, and Society will be less

burdened by the costs of disability.

Design

The system (Figure 1) has been designed
with great care to minimize or eliminate
some of the problems that are often faced

by researchers in EMG data collection. By
use of the Davicon /Fasstech active
electrodes, amplification and RMS hardware
we are able to obtain a signal which is

clearly associated with the subjects'
activity. This is due to a few factors.
Preamplifiers are attached directly to the

electrodes reducing the problems of
interference from environmental signals.

The hardware also has built in analog

filters which help to eliminate
interference that would otherwise degrade

the data. These features together with

the RMS signal processing gives us a

relatively smooth and surprisingly

comprehensible signal. The use of a
battery powered data collection system

allow data collection in the workplace
while the worker is free to do his /her

job.

Portable EMG Data Collection System

Uhltr

Electrodes RMS Signal Pol corder
with built-in processing

Preampliliers _b oa rd _ Data - logger
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Data Collection

The sampling and data collection is done

with a "Polycorder ", (Omnidata, Utah),
which is a 3.5 lb battery powered data

logging device. The Polycorder is able to

store approximately 400 Kbytes of data.
We have chosen to sample at 10 Hz. which

allows us to collect data for up to 5.5

hours.

To facilitate comparison of EMG values
across time and subjects, resting level

and a standard exertion (Sub maximal)
samples are collected at the beginning,

end and intermediate intervals during each

data collection session . These reference
level samples are used for normalization

of the EMG data, which allows us to
compare data from different sessions.

Analysis

The analysis has two primary foci. They

are magnitude and repetitiveness.
Repetitiveness, called task frequency, is

determined by counting the times the EMG
signal trace crosses the mean value during

a time window. The time window for

repetitiveness is one minute, and has as
its center the data point being evaluated.

The mean is calculated for the entire

sample. The magnitude function is also
smoothed using a sliding time window, in
this case the duration is specified by the

user , and can be as short as a few data
points or as long as 60 seconds.

The smoothed functions for repetitiveness

and magnitude are processed further into

chronological files of categorical data

for both left and right sides. The

magnitudes are assigned to 1 of 8
magnitude bins and the frequencies to 1 of

4 bins. It is this binned data that is

used to create the graphical image

described in the next section.
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Figure 2 Graphical Output

Graphical Output

A graphical presentation method has been
developed to present the data for one or
more data collection sessions in a single

graphic. ( See Figure 2 ) The X and Y
axis are EMG magnitude on the right side

and left aide respectively. Each of these
are divided into a number of categories or

bins as referred to in the analysis
section above. Within each cell there is

a four bar graph, with each bar
representing a task frequency. The bar

height represents the number of samples or
the total amount of time that occurs in

the category. The graphic clearly
illustrates whether the activities were

primarily symmetrical, whether there was

a lot of time spent in high level
exertions, and whether the repetitiveness

for back exertions in the job is high or

low.

Development

The development of the system was an
evolutionary process. The method for
calculating the repetitiveness evolved
from observation of data traces and their

correlation to the tasks that were being

done at the time of recording. Other

methods were tried but found to be less

useful.

Data collection at lower frequencies,
including 2 Hz., was attempted with the

goal of extending the total data
collection time, now limited by the
Polycorder's memory. A FFT analysis was
done on a sample collected at 1000 Hz and

it was determined that sampling of the RMS

signal should not be done at a rate lower
than 6 Hz. Ten Hz. was chosen as the data

collection rate, adding a safety factor.

Evaluation

The system has been tested in a few

situations. Laboratory testing included

different evaluations. In one of these a
subject did a few simple activities, 00

including carrying different weights and

hand transfer tasks using different
weights. This data was then plotted and

visually inspected to determine whether
the EMG data reflected the tasks being

done. The data did reflect the tasks
being done. A section of this data plot

is reproduced in Figure 3. In another
laboratory study subjects did repetitive

bending tasks to lift weights from floor
level to waist level. In this study the

task repetition rate could be clearly seen

in the data.
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A field test was done with a cook as the

subject. The equipment and software

functioned well. An example of the data
from this subject can be seen in Figure 2.

Currently a large scale field evaluation

Pick up and Carry
25 pounds - 2 hands in front

Walk Pickup Carry Putdawn Walk

WO SECONDS

Figure 3: Laboratory Data

D i s c u s s i o n

Collecting EMG data for a prolonged period

raises the issue of baseline drift. This

has been addressed by periodically
collecting a sample of resting level EMG.

These periodic resting level samples are

used when the data in normalized.

Window averages are used in the analysis

to facilitate understanding of the gross

behavior. They focus attention on groups
of contractions rather than single muscle
contractions, allowing conclusions about

work done during a period of time.

C o n c l u s i o n

A method has been developed for acquiring

and analyzing EMG from the field. The
system is effective because it records

data about the EMG of the wearer, while

not disrupting normal daily activity. The

method can provide an objective statement

about the wearer's back muscle activity.

By collecting data over a long period of

time (hours) significant information about

the muscular activity of a worker
throughout hie /her shift may be obtained.

The associated software, developed at the

Vermont REC, may be used to present a
clear graphic image representing back

muscle activity during the job.

There is potential for further development

of the system. Possible future directions
include: linkage with other measures of

work load, and /or a video tape system to
isolate high stress aspects of a job. The

hardware and software could also be used

in the assessment of ergonomic stressors

to other injury prone areas in the body,
including the upper extremity.
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A survey on the usage of bathroom fixtures by disabled people

Pascal Malassign6, IDSA
Clement J. Zablocki VAMC, Milwaukee, WI

Thomas L. Amerson, Ph.D
Rehabilitation R &D Center, Atlanta VAMC, Decatur, GA

ABST RAC T METHOD

A survey was conducted to determine the bathroom
fixtures usage preferences by 800 disabled people.
Although there was a relatively wide range of responses
because of the various type of disability of respondents,
strong preferences and approaches were noted for
bathtubs, showers, lavatory or toilet fixture configurations.
Implications for design improvements to these fixtures are
indicated in this paper.

BACKGROUND

Although there have been a few investigators addressing
human factors considerations in the design of bathrooms
and bathing fixtures (1 -3), surprisingly little work has been
done to determine the use or useability of such facilities
by people having paralysis or restrictions to mobility. In
1990, the authors conducted a survey to determine how
bathroom fixtures were used by people exhibiting
paraplegia, quadriplegia, hemiplegia, amputations, or
other similar restrictions to mobility. This report describes
their study and findings.

RESEARCH QUESTIONS

Several key research questions surfaced at the outset of
the study.

1. Demographics. With a large sample of subject, what
are the relative proportions of the restrictions to mobility?
What are the age groups represented in the sample?
What types of wheelchairs, electric or manual chairs,
crutches, canes, or other mobility aids were in use? What
are the types and prevalence of home modifications made
to facilitate the use of the bathroom?

2. What are the types of approaches to bathtubs for
people using wheelchairs, and how do they differ from
the approaches of those who are able to walk with
assistance?

3. How effective is the use of such transfer aids as grab -
bars in making safe transfers to and from the bathtub or
the toilet?

4. For people with good upper body mobility, do they
prefer drying themselves in or outside the bathtub? Do
they require assistance in drying?

15.5

In order to acquire a large sample size of the target
population, it was necessary to obtain the cooperation of
an association which could easily and quickly provide a
random listing of disabled people. Paralyzed Veterans of
America (PVA) is such an association with 15000
members. PVA was approached regarding the study and
generously provided a list of 1900 names randomly
selected from the membership.

A questionnaire was constructed containing 49 questions
regarding the use of bathroom fixtures. Many of the
questions were enhanced with the use of illustrations or
figures. Typically, the questions asked for responses of
perceived difficulty followed by a Likert scale having four
points: "easy," somewhat easy," somewhat difficult," and
"diff icult." A sample of the questions and the use of
illustrations is provided in Figure 1. Every effort was made
to make the questions readable, easily understood, and
appropriate to the research questions.

Franked, return - addressed envelopes were included with
each questionnaire so that no cost was incurred by the
respondents except for their time. A cover letter to the
questionnaire was provided by the researchers assuring
the respondents of their anonymity and freedom to
decline from participating without risk to their PVA
affiliation or their veterans' benefits.

RESULTS AND DISCUSSION

Of the 1900 questionnaires sent to members of PVA,
800 were completed and returned. This exceptional
return rate of 45% is, undoubtedly, an indicator of the
interest and concern generally held for improving
bathroom fixtures among the subject population.

De mogr aphi cs

Since the participants in the study were acquired through
Paralyzed Veterans of America, it is hardly surprising that
the respondents were predominantly male (95 %). The
female military population comprises a relatively small part
of the total military force. Also, spinal cord injury, cerebral
vascular accidents, and other forms of paralysis are
generally more prevalent among the male population.

Of those responding to the questionnaire, 40% were less
than 50 years of age. Thus, the opinions or experiences
expressed may be somewhat more reflective of an older
population.

5. What are the design features of the lavatory which are The causes of disabilities were distributed as follows:
preferred or which present problems to users of 46% paraplegia, 16% quadriplegia, 27% multiple
wheelchairs or other mobility aids? sclerosis, 4% poliomyelitis, and 7% hemiplegia or

amputation.
6. What are the toilet transfer preferences for those who
use wheelchairs?
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Of the respondents who used a wheelchair, 83% used a
manual chair and 17% used an electric chair. Among
those not using a wheelchair, 28% used a cane or
crutches for assistance.

The majority of respondents lived with their family, and
among those, 70% had made modifications in their
homes to help them perform their daily activities more
independently.

One of the questions related to the respondents'
satisfaction in toileting, showering, or bathing
independently. The participants were nearly evenly split
in their response to this question: 54% replied that they
were satisfied, 46% said that they were not satisfied with
their usability of the bathroom.

B ath i ng

To ease data reporting, all responses to the questions
have been "collapsed" to reflect a two point scale, "easy"
or "difficult."

There were a large number of questions concerned with
walking and wheelchair approaches to the bathtub.
Illustrations of three different approaches to the bathtub
were provided in the questionnaire. Two bathtubs were
shown in these illustrations; one had a platform at one
end, but the other had no platform. For the bathtubs
having no platform, 74% of the respondents indicated
that they would have moderate to high levels of difficulty
making a perpendicular wheelchair approach.oach. The parallel
approach appears to be preferred with only 41 % of the
respondents indicating any difficulty. This advantage in
making a parallel wheelchair approach disappeared with
the introduction of the platform to the bathtub: 70%
found difficulty with an "angled" approach, and 63% said
the parallel approach would be difficult. The respondents
making a walking approach to the bathtub were somewhat
more evenly distributed in their preferences. In
approaching bathtubs without a platform, 55% said the
perpendicular approach would be difficult and 68%
responded that the angled approach would present
difficulty. The addition of the platform to the bathtub left
57% of these walking respondents finding difficulty in the
angled approach and 48% having diff iculty with the
parallel approach.

The line of questioning continued by asking the relative
difficulty encountered with transfers and walking
approaches to the bathtub rim and whether the presence
of grab -bars had an effect. A great majority of those
making a transfer from a wheelchair to the bathtub rim
stated that doing so without a grab -bar would be difficult
(89 %) but only 50% found such transfers to be difficult
with grab -bars provided. The respondents walking to the
rim of the bathtub responded in a surprisingly similar
fashion: 86% thought the transfer would be diff icult
without a grab -bar while only 43% thought the transfer
would be difficult with a grab -bar.

Making the transfers from the rim to the bottom of the
bathtub and the return to the rim also appears to be
affected by the presence of the grab -bars. When
transfering to the bottom of the bathtub, 88% considered
the task to be diff icult without the grab -bars while only
43% considered this transfer to be diff icult if  grab -bars
were provided. Making the return to  the rim of the
bathtub from the bottom elicited similar responses: 88%
fund such transfers to be difficult without the grab -bars,

and 52% of the respondents considered the transfer to
be difficult with the use of the grab -bars.

The participants of the study tended to use a seat in the
bathtub (63 %) and were satisfied ('yes" or "no" response)
with its performance (72 %).

Usage of faucets

Respondents to the questionnaire were asked to rate the
difficulty to control the faucets in a bathtub based upon
location (inside or outside) and control options (single
control faucet or separate temperature controls): 78%
considered the inside single control to be "easy" to
operate; 61 % thought the inside separate temperature
controls were easy; the outside single control was rated
easy by 57% of the respondents; and the outside
separate temperature controls were rated as easy by only
42°% of the respondents.

Preferences for drying off

After the bath, 59% of the respondents preferred drying
off inside the bath. Assistance in drying was requirodby
38% of the respondents.

Usage of the lavatory

The vast majority of respondents (91 %) preferred to use
an open lavatory accommodating the wheelchair because
of the improved access to the faucets.

No meaningful differences were reported concerning the
preference for "round," "indented," "blade," or "single
lever" faucets. The respondents reported all of these
faucet designs to be easy to use.

Usage of the toilet

Respondents using wheelchairs were asked their
preferences in making the transfer to the toilet. Little
difference was noted among the frontal approach at an
angle (29 %), the forward transfer (29 %), and the side
approach at an angle (28 %). The side transfer was not as
favored (14 %).

Toileting activities by those using a wheelchair consume a
substantial amount of time for the sample population,
however. Only 15% of the sample emptied their leg bags
of urine into the toilet once a day, 30% reported three
empties per day, 26% reported four empties per day, and
.29% reported five bag empties per day. The bowel care
programs used by the respondents had 53% using the
toilet daily, 32% using it every 2 days, and 15% using it
every 3-5 days.

The collection of these data has enabled the authors to
acquire a more complete understanding of the usage
bathroom and conventional bathroom fodures by disabled
people. This information is used by the authors as the
basis of new, more ergonomically designed and safer
bathrooms fixtures.
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F igure 1: example of two illustra ted questions
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1. Rate the di f f iculty of  approaching the side of  the  bathtub from the positions seen
below. Circle 1,2,3 or 4 (go to question 2 if not applicable)

1. easy

2. somewhat easy

3. somewhat difficult

4. very difficult

1. easy

2. somewhat easy

3. somewhat difficult

4. very difficult

1. easy

2. somewhat easy

3. somewhat difficult

4. very difficult

1. easy

2. somewhat easy

3. somewhat difficult

4, very difficult

Usage of the toilet

1. If you use a wheelchair, do you approach the toilet from one of the positions shown below in 1,2,3 or 4?
Please circle one.

1 2

_L

3 4

2. Regardless of your approach to the toilet, rate the diff iculty of transfering onto the seat from a
whraa1rhair9
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AN ADAPTIVE TAPE - TRIMMING JIG

Glenn Hed man, M.Eng.
Assistive Technology Unit

University Affiliated Program / University o f Illinois at Chicago
Chicago, Illino is US A

AB S T R AC T
An adaptive tape- trimming jig is described, which utilizes a
linear pos itioning slide fab ricated from carpenters layo ut tools.
The adapted slide offers a sfip-fit line of travel, with adjustable
frictio n. The slide mechanism may be useful for d esigns  other
than the tape - trimming jig.

B AC KG R O UN D
The ability to return to work after a job - related injury involves
not o nly rehabilitation, but elimination of the c ircumstances
which contributed to the injury and the modification o f any job
stations which may cause the injury to re -occur as well. Just as
important is  the motivation to  return to work o n the part o f the
worker.

A Worksite Modification Evaluation was requested by a private
insurance company, trying to  assist an injured worker in
returning to the job s ite. T he jo b site was an abrasive disc
refinishing c ompany. The worker in question was a 45 -year old
woman who injured her right hand and wrist after approximately
six weeks on the job  as o ne of three Plater Helpers. T he injury
had apparently occurred in an area outside her specific
workstation, and involved abrasions of the right hand and wrist
with several foreign bodies (pieces of wire) having to be
removed. The client had b een off work for approximately 11
months before the referral, but was still motivated to return to
work.  During that time, the client had undergone exploratory
surgery, nerve blocks, occupational therapy, and physical
therapy.

Job tasks of the Plater Helpers include:
• Masking of abrasive dis c with industrial tape
• Trimming of 1/4" -wide margin at inside and

outside edges of disc to expose the metal at
these areas
Installation of 1/4 " -20 bolt through center of
disc

• Cleaning of disc in sandblaster
• Polishing of disc  on machine lathe

The discs being handled varied from approximately 5" in
diameter, weighing less than 2 lbs. to appro ximately 12"  in
diameter, weighing over 20 lbs.  A Plater Helper may handle 15
to 20 discs per day.

All job tasks seemed to involve excessive work on the part of
the wo rker' s injured right upper extremity. Assistive
Technology interventions which were recommended included:

• Use of industrial -grade tape dispenser to
eliminate current "slic ing off'  of individual
pieces of tape

• Fabrication of custom - designed tape- trimming
jig

• Fabrication of disc/bolt holder to eliminate
need for handling of two wrenches
simultaneous ly

• Fabrication of disc holder for inside of
sandblaster so that discs would not have to be
held by worker

Use of carpenter's sandpaper rubber molding to
provide stabilization of sandpaper/dampening
of vibration. Also, use of rubber mallet to
release clamp lever

The tape - trimming jig is the intervention which utilizes  the
adjustable slide positioning components described in this paper.

DES IGN OF TAPE - TRIMMING JIG
The client, and the other two Plater Helpers, performed the tape -
trimming in the same manner: scoring an arc in the tape with a
single -edge razor knife, and then re- positioning the disc and re-
scoring until the arc was cut all the way around the disc. This
method was used on all discs, regardless of size or weight.
Design factors which had to be considered included:

• Ability to perform tape - trimming with reduced
work on the part of the injured right upper
extremity

• Use of device by all three Plater Helpers
• Handling of all disc sizes and weights
• Possible increases to quality
• Possible increases to productivity
• Durability o f components
• Serviceability of parts
• Cost of jig

Clearly, the method of actual tape - trimming needed to be
changed. The existing method of scoring the tape necessitated
firm pressure of the blade of the razor and the re- positioning of
heavy discs. Design of the tape- trimming jig focused on the
possibility of making the cutting edge stationary, and having the
disc rotate using a mechanism which did not involve excessive
work on the part of the right upper extremity.

A circular, rotating disc support surface was specified, attached to
a rectangular base with a turntable ball bearing assembly. A
linear slide, allowing precise positioning of the cutting edge,
could be located above one side of the disc support, enabling a
score to be made at any radius required.

F ABRIC ATION
The rectangular base and circular disc support were fabricated
from laminated pressboard sink cutouts, obtained from a local
lumber yard (Figure 1). The ball bearing assembly was obtained
from an industrial supply company. A non -skid surface was
glued to the top of the circular disc support surface to prevent
discs from sliding, and rubber feet were added to the bottom of
the base to s tabilize the entire unit.
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� n

Figure 1

The positioning of the cutting edge was achieved by the
modification of one piece of a carpenter's trammel head set. The
trammel head set is typically attached to a standard piece of
galvanized pipe to enable a large radius to be drawn on building
materials. One piece of the set accepts a steel pivot point, the
other a rectangular piece of chalk. A thumbscrew on each piece
allows the radius to be set before drawing begins.

For the tape - trimming jig, the trammel head piece normally
holding the chalk was modified (Figure 2). The bracket
accepting the chalk was removed, leaving a flat surface. A piece
of hollow dehin rod was flattened on one side, allowing
attachment to the trammel piece via two machine screws and 10-
32 tapped holes in the delrin. An additional screw was installed
through the delrin to keep the knife from rotating.

Figure 2

A key modification to the trammel piece involved the
replacement of the thumbscrew with a threaded ball plunger.
This b all plunger,  with nylon insert to allow exact p ositio ning,
provides adjustable, yet constant pressure on the pipe to fine -tune
the friction of slip -fit on the pipe.

To use the tape- trimming jig, the client positions the disc at the
center of the circular disc support. The blade handle is then
positioned laterally at the required radius of the cut (Figure 3).
Once the radius has been determined, the client tills the blade
downward to meet the tape surface and rotates the circular disc
support clockwise until the score is made completely around the
disc (Figure 4). The uniform cut greatly increases the quality of

the job task, as the radius is set and does not vary as it did with
the previous arc method. After both inner and outer scores have
been made, the client lifts off the excess tape.

� � •1

11� ..� F.� i.
q

CONCLUSION
A tape- trimming jig was fabricated, as part of an array of
Assistive Technology equipment interventions to reduce the
work required of an injured workers right upper extremity and

allow a return to work. The jig was fabricated with inexpensive
parts, available at hardware stores, lumber yards, and adaptive
equipment and industrial supply companies. Total cost of the
materials involved in the tape- trimming jig was approximately
$90, with approximately three hours of fabrication time required.
The linear slide adjustment of the jig may be applicable to many
other designs.
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SUPPLIERS
McMaster -Carr Supply Company
P.O. Bo x 4355
Chic ago,  IL 606801 4355
(708) 833 -0300

Item Item
#

Unit
Trammel Head 1920A42 set
Ball plunger 3408A39 each
Knife 3899SA71 each
Knife blades 38995A73 package
Delrin rod 8627K62 5'- length
Ball bearing unit  6031K19 each

Fred S ammons , Inc.
P.O . Bo x 32
Brookfield , IL 60513 -0032
(800) 323 -5547

Item Item # Unit
Non -skid pad 6563 -01 each

Hardware store
Pipe
Flange
90 degree elbow
Cap
T -nut fasteners
10-32 round head screws
#10 washers
Rubber feet

Lumber yard
Laminated pressboard sink cutouts

Glenn Hedman
Coordinator
Assistive Tec hno logy Unit
University Affiliated Pro gram
Univers ity of Illinois  at  Chicago (M/C 627)
1640 West Roo sevelt - Room 412
Chicago, IL 60608 -1396
(312) 413 -1555 (Voice)
(312) 413 -0453 (TDD)
(312) 413 -1326 (FAX)
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Glenn Hedman, M.Eng.
Assistive Tec hnology Unit

University Affiliated Program / University o f Illinois at Chicago
Chic ago , Illino is  US A

AB S T RAC T
Design and fabrication of an adapted document cart is presented.
This worksite modification was performed for an individual with
cerebral palsy, who needed surfaces to provide stability while
storing papers on high shelves in a federal document storage
facility.

INTROD UCTION
Referrals for worksite modification often involve the
modification of devices already at the job site. These
modifications made need to be made on a device used by the
specific employee, or to those shared by all employees.

A Worksite Modification Evaluation referral was made to the
Assistive Tec hnology Unit (ATU) of the University of Illinois at
Chicago (UIC) University Affiliated Pro gram (UAP). The
referral was made by a local community agency, as it was
assisting the Illinois Department of Rehabilitation Services in
placement of an individual at a federal document storage facility
in Chicago.

The client referred is a 22 -year old male with cerebral palsy, who
is ambulatory. The community agency had been pro viding a job
coach to assist the client in learning the job tasks and in
monitoring the quality of the work performed. The specific job
in question was that of Drop Filer, which includes the following
tasks:

• Load document cart with papers to be
filed

• Locate aisle where correct storage box is
located

• Locate correct storage box on
shelving units

• Pull storage box from shelf and insert
document

For this job, all Drop Filers used a government- issued document
cart. Standard procedure included each Drop Filer being assigned
a specific cart for their exclusive use. Carts were stored in a
common parking area when no t in use.

The document storage area is comprised of several aisles with
metal storage shelves on both sides, each aisle only 28" -wide.
While the shelving units are 15 to 20 feet high, Drop Filers need
access to only the bottom 7 shelves, the highest being
approximately 7 feet high. When storing documents on the
higher of the 7 shelves, Drop Filers use the fold -out, two -step
ladder of the document cart. The step ladder allows the Drop
Filer to stand either 11" or 22" above the floor to reach the
correct storage box.

Although the client is ambulatory, he did have the need for
assistance in maintaining his balance when using the cart's step
ladder. At the Worksite Modification Evaluation, dimensions
were taken for the appropriate height of side and front support for
the client as he used the cart's step ladder (the client stated that
front support was needed only as the top step was being used).
These dimensions were 34" and 40 ",respectively. The ATU
requested that the document cart reserved for use by the client be

15.7

allowed to be removed from the premises for modification. After
gaining this approval, the ATU then set out to design an
adaptation to provide the needed support which would not
sacrifice the portability of the document cart.

DES IGN
Factors included in the design of the document cart adaptation
included:

• Location of support members
• Portability of cart
• Weight of adaptation
• Adjustability of supports
• Durability o f components
• Serviceability of parts
• Cost of materials

The dimensions of the support surfaces translated to a three -sided
frame, with side support present at two levels (to provide
appropriate height support when each of the two steps were
being used).

In order to maintain the portability of the document cart,
attachment to the fold -out step ladder was considered to be the
most appropriate option. By doing so, the relative dimensions
between the support surfaces and the steps would be kept
constant, and one action on the part of the client would be
required to set -up or fold the steps. Attachment would be
achieved through affixing the frame to a block of wood, and
attaching the block of wood to the bottom supports of the fold-
out steps. Although the steps would no longer fold entirely into
the body of the document cart, the frame and steps would be
compact enough to maneuver into and out of the storage aisles.

Aluminum frame components were specified to reduce the overall
weight of the assembly. Mo dular fittings were included to allow
adjustment of the sup port locations. The modular fittings would
also allow easy replacement or further adaptation.

Prior- approval for the cost involved in the adaptation was
requested and obtained from the client's DORS counselor.

F ABR ICAT ION
Using commercially- availab le aluminum tubing and fit tings, a
frame was constructed which duplicated the support surface
dimensions  taken at  the Evaluation (F igure l).  Frame
components were 1" OD aluminum tubing, and  1" ID aluminum
crossover - fittings and tee- fittings. Additional side components
were added for structural support
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Figure I
Crosspieces were added at the bottom of the frame, which were
attached to a piece of 2" x 10" stair joist material, trimmed to fit
the available space at the step ladder support legs. The wood
block was then attached  to the support legs (F igure 2). Long-
tangent U -bolts were used at both attachment points, to
accommodate the tubing diameter and the thickness of the wood
blo ck.

Figure 2
Since all components of the frame are located at or to the rear of
the existing step ladd er pivot bolt, all sup port legs lift upward
when the frame is tilted forward , allowing the cart to  be fully-
mob ile (F igure 3).

Figure 3
Cylindrical foam insulation was installed over the exposed
tubing sections, for the client as well as to protect the shelving
units from scratches (Figure 4). End caps were added at the ends
of the tubing, to protect against cuts.

Figure 4
C O NC L US I O N
Independent, safe use of a document cart was achieved through
adaptation using lightweight aluminum tubing and fittings, foam
insulation, and end caps. Total cost of the materials involved in
this worksite modification was approximately $285, and about
hours fabrication time was required. The client's supervisor
indicated that the same modification would be beneficial to all
Drop Filers.
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The fabrication skills of ATU Technician James Bullock were
important for the successful implementation of this device.

S UP P LI E R S
McMaster -Carr Supply Company
P.O. Box 4355
Chicago, IL 60680 -4355
(708) 833 -0300

Item Item # Unit
Tubing 4699T I4 10'- lengths
Short crossover fittings 4698T 42 rash
Tee fitt ings 4698191 each
End caps 4936T196 each
Long- tangent U -bolts 8875T 52 each

Hardware store
Chair leg rubb er tips
Cylindrical fo am insulation
3/8" ID washers

Lumber yard
2" x 10" s tair joist  material

Glenn Hedman
Coordinator
Assistive Technology Unit
University Affiliated Program
University of Illinois  at Chicago  (M/C  627)
1640 West Roosevelt Road

-

Room 412
Chicago, IL 60608 -1396
(312) 413 -1555 (Voice)
(312) 413 -0453 (TDD)
(312) 413 -1326 (FAX)
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Iiands -Only Operated Electronic Industrial Sewing Machines

Dominic P.K. Cheng
Rehabilitation Engineering Centre

Hong Kong Polytechnic
Hung Hom, Hong Kong

Abstract

Wheelchair users cannot use an electronic industrial sewing
machine because it requires both hand and foot to operate.
The approaches taken to convert two types of machines from
different manufacturers for hands -only operation were
described. Four converted machines have been successfully
used since 1989 in a sheltered workshop for both training of
and production work by wheelchair users.

Background

Electronic industrial sewing machines are used extensively in
modern garment industry for increased productivity and
improved quality. Unlike their senior electric sewing
machines, these newer machines have better speed control
and offer a wide range of programmable features such as
speed range, acceleration profile, automatic reverse stitching
before forward stitching etc. Unfortunately, common to all
motorized industrial sewing machines, the right leg is
required to operate both a foot -pedal and a presser -foot
lifter knee- pedal. When the foot -pedal is pressed forward,
the sewing speed increases and when it is pressed backwards,
sewing stops and automatic reverse stitching is activated if
programmed, before both upper and lower threads are cut
by a moving -knife under the feed -dog. The presser -foot is
raised or lowered by either a hand- operated lever or a knee
operated pedal. The hand- operated lever is used only
occasionally because the knee pedal requires less effort to
operate and it also frees both hands for increased
productivity. To further minimize physical efforts and
increase efficiency, a presser lifting solenoid option is
available. The electric solenoid is activated by a sensitive
knee - operated pedal switch.

Statement of the problem

Is it possible for a person who has lost the function of both
lower limbs to operate an electronic industrial sewing
machine? In other words, is it possible to modify an
electronic industrial sewing machine so that it  can be
operated easily by a person with either only one or both
functioning upper limbs?

Rationale

Considerations when modifying electronic industrial
machines are:

Easy operation with either one or two hands.
The modification must not interfere with sewing
operations.

The modification must neither void the warranty of
the sewing machine supplier nor adversely affect
maintenance by supplier technicians.
The modified machine should be able to be operated
by both disabled and able- bodied operators.
The modified machine should be able to be easily put
back to its unmodified state.

Design

The modifications required to satisfy the goals as set up
above vary according to the particular type of electronic
industrial sewing machine concerned. Two types of machines
from different manufacturers were successfully modified by
the Centre. In both cases, a push - button control panel
provided machine operations with only one or both hands.
The panel was easily accessible so that a hand need not be
away from the material at all or for only an acceptable
length of time. It is small and positioned in a location which
neither interfere with sewing operations nor decrease
significantly the amount of space under the machine frame.
The electronics used to implement the bands -only conversion
plugged into existing connectors on the motor controller so
that there was no modification to the existing electronics.
This was necessary to preserve supplier warranty and to
enable servicing of the machines by supplier technicians
without knowledge of the additional electronics. The foot -
pedal and knee operated foot -lifter pedal were removed in
both cases to allow unrestricted wheelchair access. They can
be reinstalled easily and quickly either for maintenance or
for operation by an able bodied operator if desired.

The modified machines were described below in the order
as encountered by the Centre.

Juki model DDL- 5550- 61SC328

Fig. 1 shows the modified machine. A push- button panel
located right next to the thread tension assembly provided
the following five functions: STOP, SLOW FORWARD
STITCHING, FAST FORWARD STITCHING, REVERSE
STITCHING and CUT - THREAD (Fig.2). The hand
operated presser -foot lifter that came with the machine was
not suitable for production work because it was inconvenient
and required much effort to operate (Fig3). It was replaced
with a lever which was shaped for convenient and low force
operation (Fig.4, Fig.2).

Conversion to hands -only operation was made simple by a
number of input connectors, designated for `standing, work,
provided on the motor controller. There was no technical
information provided but i t was  found that they were
activated by relay closure. These functions for standing work
were exploited using simple logic circuits to implement the
conversion.
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PFAF F 465/880M with elec tric foot -lifter and revers e switch

02tions

The mod ified  mac hine had  a pus h butto n p anel p ro vid ing
the fo llowing s even func tions: ST OP, S LO W F ORW ARD
ST IT CHING , FAST  F ORWARD S TIT CHING , REVER S E
ST IT CHING , PRES S OR -F OOT UP , PRESSOR -FOOT
DOWN (Fig.5)

In this cas e circuit d iagrams  of the controller were p rovided
by the lo cal d ealer. Mo to r s p eed  was d etermined  b y T T L
signals sequenced in a given order. A Mo to ro la MC68705P3
single -chip micro -co mp uter was used to imp lement the
req uired  lo gic. A mic ro -computer was not s tric tly neces sary
but it  was used  fo r c o nvenienc e and to  allo w fo r p os s ib le
future enhancement at  only a slight increase in material co st.
The ad dit ional electronics  plugged  into the fo ot -ped al inp ut
of the P faff mac hine.

Evaluatio n

One Juki and  later three P faffs  were mod ified  and they have
been in us e in a s heltered  works ho p  fo r bo th training and
prod uction work sinc e 1989.

The instructors were first apprehensive about a push- button,
digital typ e o f c ontro l, whic h was  very d ifferent fro m the
conventional analog type of c ontro l using a fo ot -ped al. But
after trying out the mod ified Juki mac hine , they were happy
with the push-button controls and  immed iate ly s aw the
benefit of the s low stitching mode for training and for sewing
small items  in a s heltered wo rks ho p environment.

Wheelchair us ers in the workshop  found  the mac hines easy
to  learn and  o perate . They did not have a strong p reference
for the mac hines  with the electric fo ot -lifter.

A mo d ified machine had  b een on dis play in pub lic  o n
numerous occasions. Curious persons who had never
op erated a sewing mac hine before can start to sew
immediately after a d emonstration of how the p us h-butto ns
work.

Discussion

A p us h -butto n, digital type o f co ntro l is  a p laus ib le way to
imp lement hand s -only o peration o f an elec tronic  ind us trial
sewing mac hine. The imp lementatio n was  neither diffic ult
no r exp ensive in the two  c ases enc ountered. The mo dified
mac hines  were fo und to  b e s uitable fo r b o th training and
production. It is po tentially useful for p ersons with sufficient
mo to r c o ntro l fo r ha nd ling t he mater ial b ut no t ab le  to
operate the standard fo ot -pedal and knee -pedal confid ently.

Fig.1 Mo dified Juki with foot-pedal and knee -pedal
removed fo r unres tricted wheelchair acc ts

a , ,� �s

m o o n i n g

Fig.2 Push -butto n c o ntro l p anel and  new manual p res s o r
lifter of mod ified Juki
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Hand s -only Op erated  Industrial Sewing Mac hines

Fig.3 Original Juki manual pres s or lifter

Fig.4 New manual p res s o r lifter for Juki

Fig.5 Push - button c ontrol panel of modified Pfaff
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CHANGING THE SYSTEM: MEDICAID GUIDELINES FOR AUGMENTATIVE/
ALTERNATIVE COMMUNICATION SYSTEMS IN NEW YORK STATE

Debra J. Zeitlin, MA, CCC - Martin Ferguson -Pell, PhD
Center for Rehabilitation Technology

Helen Hayes Hospital
West Haverstraw, NY

ABSTRACT

Entitlement to Medicaid funding for augmentative/ -
alternative communication (AAC) systems is de-
fined'by its function as a "prosthetic" device. As
such, funding can only be provided to the extent
that it meets a specified medical need. The inter-
pretation of "medical need" varies enormously
nationwide and even between Local Area Offices of
Medicaid within a state. This paper describes a
project undertaken jointly by the NYS Office of
Health Services Management (OHSM) and Helen
Hayes Hospital Center for Rehabilitation Technolo-
gy. New guidelines were established for the prior
approval process for AAC systems which have been
adopted by NYS Medicaid. It accepts that AAC
systems are required to compensate for a disability
that affects vocal communication while ensuring that
the evaluation process is conducted by qualified,
product independent, speech- language pathologists
in a cost responsible and comprehensive fashion.

INTRODUCTION

Obtaining funding for augmentative /alternative
communication systems is always difficult but even
more so with the emergence of highly technological
communication aids costing several thousand dol-
lars. Few individuals can afford to buy these
devices without some financial assistance. Many
non - speaking individuals turn to public assistance
for funding their needed equipment.

In New York State Medicaid the review of requests
for funding of AAC systems has demonstrated
differences in interpretation by Area Medical
Offices for the definition of "medical need" for the
device. Approvals for funding have therefore been
inconsistent within the state among the 7 Regional
Area Offices. A demonstrable "medical need" is
required under federal law for a prescription to
qualify for Medicaid funding. In 1988 the NYS
Office of Health Systems Management Medicaid
Bureau of Standards Development contacted the
Helen Hayes Hospital Center for Rehabilitation
Technology to ask for assistance in developing guid-
elines for Medicaid Reviewers to follow in the prior
approval process. This paper summarizes the pro-
cess and the outcome of this collaborative effort.

BACKGROUND

16.1

Throughout the 1980's, grass roots advocacy within
the state of N. Y. led to law suits against the De-
partment of Health. This persistent advocacy
support by Speech Language Pathologists (SLP) and
AAC specialists led the NYS Medicaid Bureau of
Standards to review their present philosophy and
procedures, and helped NYS develop a realization
that revisions to their policies were needed. Their
goal was to develop a cost - responsible method of
reviewing prescription justifications while broaden-
ing the interpretation of "medical need" to embrace
the philosophy that an AAC system serves to
overcome the disabling effects of communication
impairment through the restoration of normal
communication.

METHODS

This project was initiated by a meeting of represen-
tatives of NYS OHSM, Speech - Language Patholo-
gists who specialize in AAC, and representatives
from Vocational & Educational Services for Indi-
viduals with Disabilities (VESID) and NYS Depart-
ment of Education. The agenda of this meeting was
to review existing mechanisms for funding AAC
systems through Medicaid. The outcome of the
meeting included an approach towards establishing
new guidelines through a collaborative effort of the
AAC specialists and the Bureau of Standards and
Development. A series of working meetings of the
AAC specialists ensued and negotiations between
members of the CRT and The Bureau Of Standards
Development took place over a 2 year period. The
Office of the Advocate for the Disabled was provid-
ed with information for comment at critical stages
in the development of the guidelines.

The second phase of this project included a survey
to collect baseline data to obtain information from
AAC prescribers on the effectiveness of the Medic-
aid prior approval process before implementing the
new guidelines. There will then be a one year fol-
low-up survey to determine if the new guidelines
met their goals of expedited, cost responsible AAC
systems funding approval through NYS Medicaid,
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The third phase of this project, its implementation,
focused on information dissemination. This was
accomplished on two fronts. The NYS SLP's were
sent a packet of information describing the new
guidelines and included the new evaluation protocol.
Two one -day training sessions were held for the
Medicaid Area Office Personnel to train them in the
use of the new guidelines. One of the authors (DZ)
was an instructor for part of these training sessions.

RESULTS

Early this year the Guidelines were completed. The
final version included concessions from both the
AAC community and the Medicaid Office. The
guidelines assist in the definition of candidacy so
that "medical need" embraces the concept that "an
individual is eligible for an AAC system when their
ability to communicate using speech & /or writing is
compromised and insufficient for normal conversa-
tion". The guidelines include definitions of AAC
systems and procedures that can be used consistent-
ly statewide for reviewing prescriptions. One
policy in the guidelines includes provisions for
funded trial periods to demonstrate the suitability of
a prescribed system. This policy will fund trial
periods but does not mandate them. The rental will
be paid by Medicaid from 30 to 90 days. When a
trial is recommended a transition plan to purchase
will be developed jointly by the local Area Medic-
aid Office and the prescribing SLP in advance of
the trial period to ensure smooth transition from
rental to purchase. It is  also possible to obtain
Medicaid funding to modify /replace an AAC system
due to improved technology, or to replace a system
due to repair status or loss.
Another outcome of this project was the develop-
ment of a recommended evaluation protocol to be
used by the prescribing Speech - Language Patholo-
gist. The evaluation protocol was developed to
ensure that the SLP has systematically addressed all
the relevant parameters and presented the infor-
mation in a easily followed format. This process
helps to ensure that the evaluation has been care-
fully thought through and that all evaluation criteria
that pertain to funding are presented to the Medic-
aid reviewer. The philosophy is not to  have the
Medicaid Reviewer second -guess the evaluating
SLP's clinical decision. The approach ensures that
there is evidence of a thoroughly performed evalu-
ation that has considered a wide range of AACS
options and selected a system that meets the com-
munication goals of the client in a cost responsible
manner.

Part of the prior approval process now includes
worksheets that are filled out by the evaluating
speech - language pathologist and the Medicaid
reviewer. These worksheets are included in the
process to ensure the evaluating SLP follows the
evaluation protocol and includes all the necessary
information in the evaluation report. They also
help the Medicaid reviewer find the information in
a efficient manner. A peer review process has also
been implemented to review prescriptions that
exceed a maximum cost ceiling (presently
> $8,000).

DISCUSSION

The implementation of these new NYS AAC guide-
lines is a big step for the assistive device communi-
ty. Systematic procedures coupled with fair,
consistent review should provide improved access to
AAC systems. Redefining Medicaid patients'
benefits from narrowly interpreted medical need to
achieving their maximum ability to communicate
through AAC systems, is a philosophy that hopeful-
ly will be endorsed by other states.
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16.2

A Conceptual Model for Developing Augmentative Communication Skills in
Individuals with Severe Disabilities

Susan M. Hussey, Albert M. Cook, Sheridan E. Whinnery, Lori Buckpitt and
Mary Huntington

Assistive Device Center, California State University
Sacramento, CA 95819 -6027

Abstract
This paper describes an approach
which systematically encourages
independence, control and
development of communicative
competence in very severely disabled
individuals. The intervention
approach consists of both assessment
and training phases which are
continually repeated as the client's
skills change. A model and two case
examples are presented.

Background
The individual who can initiate,
facilitate and terminate a
conversation with ease is said to
have communicative competence. We
frequently hear about such
individuals who were able, within a
short period of time, to become
effective augmentative communicators
once the technology was made
available to them. At the other end
of the scale, however, is the
individual who is severely disabled
and is working on attaining the
ability to influence someone or
something in his or her environment.
The purpose of this paper is to
present an intervention approach
that was developed to encourage
independence, control and
communicative competence in
individuals with severe
disabilities. This approach is
designed to progress the client
along this continuum at his or her
pace. Different types of technology
are considered at all stages of
intervention as an additional
modality for the practitioner.

For the purposes of this paper, we
define severe disability as: (1)
limited motor capability, only
single switch control, (2) unknown
sensory and cognitive abilities due
to assessment limitations, (3) a
generally passive nature, (4) non-
speaking, unknown communicative
skills, responsive rather than
expressive behaviors.

Statement of the Problem
Technology is making it possible for
individuals with severe disabilities

to have some control over their
environment and manv of these
people are being seen for assistive
technology evaluations. Although
there is an abundance of literature
on providing equipment to less
severely disabled individuals, there
is very little literature or models
on intervention for those with
severe disabilities. The questions
frequently asked are where to start,
how to proceed, what are the
treatment goals and outcomes?

Approach
The goal of this intervention is to
use technology to develop
interaction skills in disabled
clients. Specific objectives are to
increase both the quantity and
quality of these interactions, as
measured by their number and the
variety of associated co-
occurrences, respectively. An
interaction is defined as an event
during which the disabled person
actively controls an object or
communicates with a partner.
our perspective is clinical. The
clients to be described were
referred to our client service
program, and they were not selected
as research subjects. In order to
formalize our approach, we consider
three primary domains in which the
client has and /or needs to develop
skills. These domains, are the
psycho - social, physical- sensory, and
communicative - linguistic domains.
These are viewed as being in a
circle, and the model represents a
cyclical process for developing
communication skills in these
individuals. It is in contrast to
the commonly described sequential
model in which communication and
motor training are viewed as
parallel rather than inter - related
aspects of intervention.
our approach consists of both
assessment and training phases which
are continually repeated as the
client's skills change. In this
approach, intervention is considered
to be a sequence of developing some
physical access, coupling this to a
communicative function which results
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in a social result. As gains are
made in one domain, they facilitate
progress the others. The cycle
repeats as the social results lead
to greater need for more physical
ability and more communicative
functions to continue social
interactions. We use an approach
which included both professional
staff (OT, SP, RE) and "technology
tutors "(graduate students) who made
weekly home visits for training.

Implications
Case Study One. Janice is a 13 year
old girl who suffered a traumatic
brain injury at age 3. She is very
passive, has very limited hand /arm
use and fair head control. She is
responsive to family members, and
her major need is for social
closeness. Treatment goals are to
increase classroom participation,
expand communication beyond social
closeness, increase motor capability
and increase social interaction.
Prior to her disability Janice was
very cautious, and she would
generally observe other children
playing rather than join in.

We developed a training program to
increase Janice's ability to
exercise control over her
environment through manipulation of
objects and through communication.
Janice used a single switch with her
right hand, but this skill was
largely undeveloped and it was
inconsistent. She had an
understanding of cause and effect,
but was inconsistent in using the
switch to obtain a desired effect.

A training program was implemented
to increase her reliability and
consistency. This program centered
around the control of computer
programs, appliances and toys.
Over the 13 months of training in
this phase, Janice demonstrated
periods of intense activity during
which she clearly showed that she
understands the relationship between
switch activation and the resulting
effect. These periods were generally
triggered by novel events, and the
repetition of the event over several
sessions resulted in decreased
activity. During the training
period, Janice's ability to move her
arms and her attention span both
increased significantly. Janice also
exerted significant degrees of
independence, but it was recognized

that single switch scanning would be
difficult for Janice.

It was also clear that her head
control had improved, and Janice
began using a head light, and line
drawings attached to a flannel
board. This training emphasized
Janice gaining communicative
competence by using her light to
initiate an activity. Initially, she
used real objects. For example, she
shined her light on a piece of a
jig -saw puzzle and the observer
responded by placing the piece into
the puzzle. We then used enlarged
line drawings to request an action.
She made choices from four possible
items. Next the activities became
initial choices that lead to more
choices. For example, when she chose
the activity of putting make -up on,
she would then be given a choice of
nail polish, blush or eye shadow.

Janice was also introduced to more
abstract language concepts. After
making an initial choice of an
activity, the activity symbols were
removed and symbols for "more" and
"stop" were used. By choosing more,
the activity would continue and by
choosing stop, the activity would
stop and the activity symbols would
be placed back up so that another
choice could be made. As time went
on, Janice was able to make use of
these concepts. These symbols were
also generalized into the card game
of blackjack.

Over the 4 months of training in
this phase, Janice has demonstrated
her understanding of the line
drawing representation of an
activity. Novel or high interest
events elicit the greatest interest.
Over a three year period, Janice has
moved from being essentially passive
to effective communication mediated
by the head mounted light.

Case Study Two. Marge is a 23 year
old woman with cerebral palsy. She
has very limited hand use, gross arm
use, limited head control, and
unknown cognitive and linguistic
skills. Her primary needs are for
social closeness, and interaction
with family and friends. Treatment
goals are to increase motor skills,
group home communication, and
independent choice making.

A tip switch was attached to her
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left wrist and she activated it by
lifting her hand and arm. We began
training her to activate the switch
to obtain interesting results using
computer graphics and sound. To make
use of the switch to engage in
social activities, computer games
were used in which Marge played
against her mother. She developed
skill in activating the switch
without time constraints. However,
she became bored quickly. Because
she can only use a single switch,
she needs to use scanning to make
choices for communication, and this
requires that she activate the
switch at a specific time. We tried
to develop this skill using computer
programs, but this task was not easy
for Marge. Once Marge did achieve
success with this task, we needed to
develop her ability to physically
select from an array of several
choices. This progression was even
more difficult for Marge, and she
was unable to succeed at it.

Marge's mother asked that we re-
evaluate head control, and that we
include voice output in a direct
selection mode. Since Marge's head
control had improved dramatically
during her motor training, we
attempted light beam selection using
the ACS RealVoice. This has been
more successful, and Marge has been
able to choose from three options
reliably. She continues to be
motivated after a period of six
months (much longer than any other
task have lasted), She is using this
system for daily communication.

Discussion
This type of training program may
not be appropriate for all severely
disabled individuals, and several
factors coincided to make this
possible in both cases. First of
all, a program such as this could
not have been carried out without
the dedication and interest of the
technology tutors who were willing
to make frequent visits to the
client's home. The technology tutors
met on a regular basis with the
center staff to discuss the client's
progress and make changes in the
implementation program. Working with
the clients at their home or program
sites also seemed to make a
difference because the clients were
more comfortable and they were able
to relax. These factors increased
performance and learning. Also, in

both situations, funding was
available through private trust
funds and the family did not have to
wage a battle for funding.

Both of the mothers put a priority
on their daughters gaining some
control and some ability to
communicate, but, as dedicated as
they were to the process, they
wanted to remain the "mother" and
not be the therapist or teacher. As
clinicians, we often expect the
parents of our clients to carry
through on a daily program. We don't
think how difficult this might be
for them, especially in light of
their other roles.

Both of these individuals became
disinterested in the computer and
the software programs. On the other
hand, both of them responded well to
"social closeness" and were
interested in interacting with
people and doing age related
activities.

Each of these individuals initially
used her arm to activate a single
switch and now is using a light beam
worn on her head. The initial use of
the arm may have helped motor
learning overall by developing a
greater sense of control since
neither of these individuals
displayed adequate head control
prior to the use of switch -based
motor training. In fact Marge's
mother initially did not want Marge
to use her head for control since
this had not been successful in.the
past. Finally, the importance of
ongoing evaluation and program
planning and perseverance in working
towards long term goals cannot be
over emphasized. Although breaks in
the training occurred naturally as
needed by the client and team, after
each break everyone was once again
energized to work toward the goals.

Susan M. Hussey
Assistive Device Center
California State University
6000 J St.
Sacramento, CA 95819 -6027
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Meeting Multiple Functional Needs with Separate but Equal Interfaces

Albert M. Cook and Susan M. Hussey
Assistive Device Center

California State University
Sacramento, CA 95819 -6027

Abstract
This paper describes several cases
in which integration of the
functions of mobility,
communication, computer access and
environmental control is less
desireable than the use of discrete
control interfaces and assistive
devices for each function.

Background
A current trend in assistive
technology application is the
integration of systems for
communication, powered mobility,
environmental control and computer
access (see (1) and (2) for
example). The major focus of this
integration is the use of the same
control interface for several
applications.

While we acknowledge the value
inherent in the simplification that
can result from this type of
integration, we believe there are
still a large number of situations
in which separate but equal control
interfaces and devices for each of
the functions are not only warranted
but highly desireable. In some
cases, partial integration (e.g. of
computer access and augmentative
communication) is useful, even if
the other functions are separate. We
describe several cases which
illustrate these points.

Statement of the Problem
When an individual with a disability
has several needs (e.g., mobility,
communication, environmental
control) and electronic devices are
to be used to meet these needs, it
is tempting to integrate all of
these applications into one system
accessed by one control interface.
This approach is not always the most
useful or effective. There is still
a very significant role to be played
by discrete devices and control
interfaces assembled for specific
applications.

Examples of Discrete Systems
Case One. Paula is a 30 year old
woman who has quadriplegic

spasticity secondary to meningitis
at age 10. She is married and lives
with her husband and young daughter.
Paula was referred for assessment to
determine the most appropriate
augmentative communication system
for her. She has used a single
switch row /column scanning
communication system. Paula has also
used an adapted input device for
single switch computer.

Because Paula is able to use a
joystick with her left hand to
control her powered wheelchair, this
was tried in a directed scanning
mode for communication. She was able
to use this approach, but it
required significant effort, and
several switches were also evaluated
for communication. A dual rocking
lever switch was used with her right
hand to evaluate the use of Morse
code. Paula pressed one side (dots)
of this switch with her index finger
and one side with her middle finger
(dashes). Morse code was easier for
her to use than directed scan with
the joystick, and she preferred it
for communication. Thus, even though
Paula was very accomplished at
controlling her wheelchair using the
joystick, this control interface was
not the one of choice for
communication.

Case Two. Joyce is 39. She has
cerebral palsy, and she currently
lives with her parents. She is non-
verbal and uses a communication
device synthesized speech.

Joyce's goal is to be in an
independent living situation. She
was referred to look at areas in
which assistive technologies could
assist her: communication, powered
mobility and environmental control.

Joyce currently uses a tread switch
mounted near her knee to control her
scanning communication device. She
is very effective with this switch,
and attempts to use other control
sites (e.g., head pointing) were
less successful. The switch controls
a scanning software program (Words +)
running on a laptop computer.
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The communication and environmental
control aspects of Joyce's system
were integrated by using a remote
interface (Serial Relax) connected
to the laptop computer. The Relax is
activated by the scanning
communication software computer
program, and it controls a TV, VCR,
appliances and an automatic
telephone dialer.

For powered mobility, Joyce had been
using a set of four tread switches
(one for each direction) mounted on
a foot plate. This was difficult for
her, and as an alternative, a lever
switch was placed on each side of
her head for steering, with the
forward and reverse switches left on
her foot plate. Joyce was able to
control these easily, and she
preferred them to the foot switches
for turning.

Joyce also needed to activate a call
system for emergency help over the
telephone. This was addressed by
acquiring an alarm system which is
tied into a 24 hour surveillance
company. This system required a
single switch for activation. She
was able to consistently activate a
wobble or tread switch with her left
arm, and it was decided to use this
site for the emergency call system.

This provided an advantage since her
control over her arm was less
limited by being supine in bed than
was her control of her knee. Also,
when she was seated in her
wheelchair, arm use did not
interfere with either her powered
mobility or her communication since
they used other control sites. Two
tread switches were mounted near the
head of the bed to be used by Joyce
to access the emergency call system
while in bed. A wobble switch with a
quick release mounting on both her
powered and manual wheelchairs was
also installed for emergency calling
while she was in either wheelchair.

Case Three.Eileen is a 62 year old
woman who suffered a brainstem
stroke. She now requires maximum
assistance for daily living. Her
major form of mobility is a manual
wheelchair which she is can tolerate
for approximately four hours at a
time, and she remains in a reclining
type chair at home while watching
television. At the time of referral,
Eileen's communication consisted of

words, facial expressions, yes /no
responses, and inflectional
vocalizations. She indicated her
needs and choices by using an
eyegaze letter board.

Eileen is able to use head movement
to make selections using a light
pointer (Adaptive Communication
Systems) mounted on a headband on
the left side of her head. Using the
light pointer with the Real Voice
(ACS), she is able to quickly make
selections and control the device.

Eileen also expressed a desire for a
simple environmental control unit
(ECU) which will control the TV.
Eileen enjoys watching tv and she
wishes to be able to turn it on,
select channels, and control volume
her self. With a single switch
mounted near her head, she can use
an ECU. We initially decided to use
an optical switch which she could
activate using the communication
system light beam. However, the
optical switch had several
limitations. First, it was an active
switch, and this required that
batteries be replaced relatively
frequently since the switch needed
to be turned on at all times for
Eileen's call alarm. It was also
difficult to place the optical
switch in a location which prevented
accidental activation by ambient
room light. For these, and other
reasons, we decided to use a wobble
switch mounted to the back of her
reclining chair for environmental
control (including the call
function). Since she spends the
majority of her time in this chair,
she has access to the call system
all the time. Also, she can access
the switch with her head while the
light pointer is on her head.

Case Four. Dorothy is a 45 year old
woman with amyotrophic lateral
sclerosis. She lives with her son,
daughter, and husband and receives
attendant care daily. She uses a
powered wheelchair, with a joystick
control.

Dorothy was referred for computer
access for written communication,
and ECU. She would like to be able
to write personal correspondence and
do bookkeeping for the family
business. The Zygo touch switch was
the easiest to activate of several
interfaces tried. A trackball was
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S e p a r a t e  I n t e r f a c e s

u s e d  w i t h  t h e  F r e e w h e e l  v i r t u a l
k e y b o a r d  s o f t w a r e  f o r  t e x t  e n t r y ,
a n d  s h e  w a s  a b l e  t o  m o v e  t h e  c u r s o r
u s i n g  t h e  t r a c k b a l l .  A  T a s h  m i n i
j o y s t i c k ,  w a s  a l s o  t r i e d ,  b u t  s h e
p r e f e r r e d  t h e  t r a c k b a l l  f o r  t e x t
e n t r y .  S i n c e  D o r o t h y  c a n n o t  p r e s s
t h e  b u t t o n s  o n  t h e  t r a c k b a l l ,  a
m o d i f i c a t i o n  w a s  m a d e  t o  a l l o w  t h e
t o u c h  s w i t c h  t o  b e  s u b s t i t u t e d  f o r
t h e  s t a n d a r d  b u t t o n .

T e l e v i s i o n  a n d  a p p l i a n c e  c o n t r o l
w e r e  i m p l e m e n t e d  u s i n g  a  s t a n d  a l o n e
E C U  ( T h e  R e l a x  c o n t r o l l e r ) a c c e s s e d
u s i n g  a  s i n g l e  t o u c h  s w i t c h .  T h i s
a p p r o a c h  w a s  t a k e n ,  r a t h e r  t h a n
i n t e g r a t i n g  t h e  c o m m u n i c a t i o n  a n d
e n v i r o n m e n t a l  c o n t r o l  f u n c t i o n s
b e c a u s e  D o r o t h y  w i l l  g e n e r a l l y  n o t
n e e d  a c c e s s  t o  t h e  t e l e v i s i o n  o r
a p p l i a n c e s  w h i l e  s h e  i s  w r i t i n g . T h i s
u n i t  h a s  a  t o u c h  s w i t c h  p e r m a n e n t l y
a t t a c h e d  s o  i t  i s  r e a d y  w h e n e v e r
D o r o t h y  r e q u i r e s  i t ,  a n d  i t  d i f f e r s
f r o m  J o y c e ' s  c a s e  m a i n l y  b e c a u s e
J o y c e  a l s o  u s e s  h e r  c o m m u n i c a t i o n
s y s t e m  f o r  a u g m e n t a t i o n  o f  h e r
s p e e c h ,  a n d  s h e  n e e d s  t o  h a v e  a c c e s s
t o  i t  a t  a l l  t i m e s .

A u t o m a t i c  t e l e p h o n e  d i a l i n g  w a s
a c c o m p l i s h e d  b y  a  d e v i c e  w h i c h  u s e s
a  s e p a r a t e  s i n g l e  s w i t c h  i n p u t ,
r a t h e r  t h a n  i n t e g r a t i n g  i t  w i t h  t h e
o t h e r  E C U  f u n c t i o n s .  T h i s  i s
p r i m a r i l y  b e c a u s e  t h e  t o u c h  s w i t c h
c a n  b e  h e l d  b y  D o r o t h y ,  a n d  t h e

t e l e p h o n e  i s  n o t  i n  t h e  s a m e
p h y s i c a l  l o c a t i o n  a s  t h e  t e l e v i s i o n .
S i n c e  D o r o t h y ' s  c u r r e n t  n e e d s  f o r
c o n t r o l l i n g  l i g h t s  i s  r e s t r i c t e d  t o
f o u r  o r  f e w e r ,  a  s i m p l e  c o m b i n e d
u n i t  w h i c h  d i a l s  t h e  t e l e p h o n e  a n d
c o n t r o l s  f o u r  a p p l i a n c e s  ( T a s k
U n i d i a l e r )  w a s  r e c o m m e n d e d .  A
s e p a r a t e  s w i t c h  w a s  o b t a i n e d  t o  b e
c o n n e c t e d  t o  t h i s  u n i t  a t  a l l  t i m e s .

C o n t r o l  o f  a n  e l e c t r i c  b e d  i s
p o s s i b l e  w i t h  a  m o d i f i e d  u n i t  w h i c h
a l s o  r e q u i r e s  s i n g l e  s w i t c h  i n p u t
a n d  u s e s  s c a n n i n g  l i k e  t h e  R e l a x  a n d
d i a l e r  d o .  S i n c e  D o r o t h y  w i l l  b e
u s i n g  t h i s  u n i t  o n l y  i n  b e d ,  a
d e d i c a t e d  u n i t  w i t h  i t s  o w n  s i n g l e
w a s  a c q u i r e d .

de v i c e s  a c t u a l l y  p r o v i d e  g r e a t e r
fl e x i b i l i t y  a n d  u t i l i t y  t h a n  a n
in t e g r at e d  s y st e m .  Se c o n d ,
in t e g r a t i o n  of  f u n c t i o n s  o r  c o n t r o l s
ne ed  n ot  b e " al l or  n on e  " . In  s om e
c a s e s  ( s u c h  a s  c a s e  2 )  s o m e  s u b s e t
of  f u n c t i o n s a r e  m o s t  a pp r o p r i a t e l y
in t e g r a t e d  ( in  t h i s  c a s e
c o m m u n i c a t i o n  a n d  E C U )  w h i l e  o t h e r s
(m o b i l i t y  a n d  e m e r ge n c y  c a l l )  r e m a i n
se p a r a t e .  T h i r d ,  t h e  c l i e n t ' s
pr e f e r e n c e  a l s o  n e e d s  t o  b e
co n s i d e r e d .  A  p r e f e r e n c e  f o r
se p a r a t e  i n t e r f ac e s  m a y  m a k e  i t
ea s i e r  f o r  t h e  c l i e n t t o  s w i t c h
be t w e e n  a ct i v i t i e s .

As  i l l u s t r a t e d  by  c a s e s  o n e  a n d
fo u r ,  t h e  e f f e c t i v e u s e  o f  a
pa r t i c u l a r  c o n t r o l  i n t e r f a c e  f o r  o n e
fu n c t i o n  ( a  j o y s t i c k  f or  m o b i l i t y )
is  n o t  n e c e s sa r i l y  a n  i n di c a t o r  t h a t
th i s  s a m e  i n t e r f a ce  s h o u l d  b e  u s e d
fo r  a  d i f f e r en t  f u n c t i o n
(c o m m u n i c a t i o n ) .  O f t e n  t h e
se p a r a t i on  o f  f u n ct i o n s  a n d c o n t r o l
al s o  m a k e s u s e  o f  di f f e r e n t  a n a t o m i c
si t e s  ( e. g . ,  c as e s  1  an d  2 ) .
Al t e r n a t i v el y ,  t h e  s a me  a n a t o m i c
site (he ad -cas e 3, han d -case  4) may

be  u s e d , b u t  w it h  d i f fe r e n t  co n t r o l
in t e r f a c e s  ( c a s e  3 )  o r f u n c t i o n s
(c a s e  3  a n d  4 ) .

In  s u m m a r y , t h e  m o s t  i m p o r t a n t
co n s i d e r a t i o n i s  t h a t  i n te g r a t i o n  o f
fu n c t i o n s ,  c o n t r ol  i n t e r f a c e s  a n d
an a t o m i c  c o n t r o l  s i t e s  m u s t  b e
ca r e f u l l y  c o n s i d e r e d  i n  e a c h
sp e c i f i c  c a s e ,  w i t h  t h e  m a j o r
em p h a s i s  p l a c e d  on  t h e  f un c t i o n a l
ou t c o m e  fo r  t h e  cl i e n t  i n e a c h of
th e  p e r f o r m a n ce  a r e a s  t o  b e
as s is t ed .
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Abstract
Practical considerations limit the amount of
information that is feasible to gather when assessing a
client's skill with an AAC device. This article suggests a
framework for collecting the kinds of performance data
which reflect crucial learning skills for persons with
mental retardation. Learnability of a given device for
an individual is best expressed as a function of
procedural knowledge /ability, learning, maintenance,
and generalization. Several examples of such device
performance profiles for children with mental
retardation are included to demonstrate the different
skill estimates gathered from each source of
information.

Background
The measurement of learning in persons with mental
retardation depends on theories of what constitutes
learning and how underlying skills may differ with
cognitive disabilities. While the acquisition of
knowledge is an important component of learning,
current theories dispute that learning can be accurately
measured by a unitary estimate such as the static
problem - solving skills measured by Spearman (1927).
Indeed, responsiveness to training is considered a
primary component of intelligence, since it measures
not only what a student has learned within a particular
domain and situation, but what he /she is capable of
learning across task domains (Budoff, 1974; Vygotsky,
1978).

For persons with mental retardation, these skills in
active problem solving are proposed to be the primary
source of learning difficulties, resulting from a general
slowness or incoordination of executive control
functions which dictate the selection, maintenance, and
use of other cognitive skills (Campion, Brown, &
Ferrara, 1983). Specific learning difficulties in mental
retardation that are related to these problems in
managing cognitive skills include the maintenance and
transfer of learning. Campion & Brown (1978)
demonstrated that children with mental retardation
were less likely than cognitive- age - matched peers to
spontaneously employ strategies, even when they were
taught and demonstrated the ability to do so. These
authors claim that spontaneous transfer of information
rarely happens in persons with mental retardation, and
that failure to generalize information is part of the
definition of mental retardation.

With nondisabled populations, learning is typically
characterized by a criterion - related measure. For
instance, in the measurement of computer learning,
research studies report criteria of speed and accuracy to
demonstrate satisfactory learning of given computer
tasks (e.g., Haller, Mutschler, & Voss, 1985).
Maintenance and generalization of skills are often
presumed to follow directly from successful learning,
and individual variation in skills are typically attributed
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to differences in factors such as computer experience
(English, Engelbart & Berman, 1967) or response to
task - related cognitive loads (Karat, McDonald, &
Anderson, 1985).

Statement of the Problem
When evaluating AAC device performance, for either
research or clinical purposes, information gathered is
often limited to a person's existing skills with a given
device. For instance, speed, accuracy, and overall
success may be sampled and compared across tasks and
devices. Since data collection time is limited in an
evaluation setting; it is necessary to extrapolate from
these short -term estimates to predictions of long -term
success with a device.

Information about static skills (current knowledge and
abilities), however, is a poor predictor of the ability to
learn a new skill (Budoff, 1974; Vygotsky, 1978). In
studies of computer learning, static measures such as
speed and accuracy were poor predictors of
performance in young children acquiring necessary
device control skills (Cress, French, & Tew, 1991). For
children with mental retardation, who are more liable
to have increased difficulty in maintaining and applying
new control skills, it is increasingly important to sample
dynamic as well as static performance skills. By
sampling only static skills, we know only what a person
already knows, rather than what they may be able to
learn over time. A more complex assessment
framework is needed which includes estimates of
learnability as well as range of performance with
communication or computer devices.

Approach
The following is a proposed framework for sampling
relevant components of learning behavior for persons
with mental retardation within an AAC device
evaluation. While complete assessment of any of these
factors is impractical for most clinical settings, Table 1
indicates the kinds of data that are possible to gather
during a single 30 minute session with unfamiliar
devices, in the following categories:

1. KHQwledgelAbililies: These are static samples of
behavior with little or no intervention from the
assessor, indicating the impact of a client's
current procedural and cognitive skills, as well
as past experience, on device use. Since the
goal of most evaluation sessions is to predict
future learning, it is necessary to sample
learning potential as well as current skill levels.

2. Learning.This step involves providing
unfamiliar or incompletely learned tasks and
comparing the amount and levels of training
necessary with the skill level achievable by the
client. The amount of facilitation necessary to
demonstrate improvement with a device is a
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viable measure of the learnability of that device
(Vygotsky, 1978), even if the client is unable to
achieve independent competence with the
device during the evaluation setting.

3. Maintenance: In addition to potential for
learning a new skill, it is particularly important
to estimate how well a child with mental
retardation can maintain new skills once
learned. Children with mental retardation do
not necessarily continue to apply the skills that
they have learned even within the same task
and context (Campione & Brown, 1978).
Maintenance estimates can be obtained by
repeating standard ability assessments without
intervention to test consistency of learning, or
by sampling performance periodically during
other unrelated tasks.

4. Generalization: Since device learning must
eventually be applied to different tasks and
settings than those used in an evaluation
session, it is necessary to gather information
that predicts generalization of skills. In a
limited timeframe, it is possible to sample this
by testing performance across tasks and
settings. In addition, predictions of
generalizability,of device skills may be
supplemented by information on more general
cognitive skills of the user and requirements of
different devices. Some evidence suggests that
successful maintenance and generalization of
computer interface learning depends in part on
the degree of discrepancy between a client's
current cognitive and procedural skills and
requirements of the task or device. For
instance, some theories propose that all
children with mental retardation require
specific training cues directed at generalization
(self - directed training) in order to learn any

Gient A: Qualitative Score

new task, regardless of difficulty (Campione,
Brown, & Ferrara, 1983). However, in the
current study, children who were close to the
threshold of competence necessary to
successfully and independently operate a given
device required little or none of these self -
directed cues, while children further from this
threshold were more likely to require this type
of training. Thus, based on estimates of
cognitive and procedural skill requirements of
various AAC devices, it would be possible to
compare the learnability of one device used in
an evaluation to several other devices without
extensive testing.

Table 1 provides four examples of the performance
profiles that can result from this kind of analysis.
Subjects were children with mental retardation (M.A.
2.7 - 4.2) who were learning the operation of standard
computer interfaces in moving objects on a computer
screen. Graphs A -D are profiles for four different
children of knowledge /ability, learning, maintenance,
and generalization of skills with a single interface
(mouse, trackball, touchscrecn, or keyboard). Since
decisions to continue with a particular activity were
based on a minimum standard of success (quality scores
at or above 7 for 7/10 assessment or 3/10 training trials),
not all sampling sessions are the same length. The
graphs for training cues represent order rather than
absolute level of training cues provided; each level of
training A through D provides successively more
support to the learner and is further from independent
use of the device (indicated by a score of 7 or 8). Only
clients who passed earlier levels were tested for further
tasks (e.g., clients who did not maintain skills were not
expected to generalize these skills to more cognitively
challenging tasks).

For all of these clients, initial testing of abilities was a
poor indicator of eventual success in learning these

Table1: Performance Profiles for Computer Learning by Children with Mental Retardation

8 B

A 6
B 5
C 4
n ULJU

Knowledge Learning Maintenance
— Time /NumberOf Trials — — — ►

Client B: Qualitative Score

Knowedge Learning Maintenance
— — — Time/NumberOfTrials — — —

Client C: QualitativeScore

Knowledge Learning Maintenance Generalization
— — Time/NumberOf Trials — — — ►

Client0: Qualitative Score

Knowledge Learning Maintenance Generalization
— — — Time /NumberOf Trials — — — 0'-
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controls. All of these profiles show that the clients
could not use the test devices at the beginning of the
session, even though they were given the kind of
demonstration and practice opportunity that are
sufficient for adult -like learning of these controls. Also,
all of the clients passed minimum learning requirements
for demonstrating educability for independent use of
these devices (reaching the threshold of competence).
However, performance in maintenance and
generalization tasks varied across subjects in ways not
predicted by entry or post- training levels of
performance. Client A did not continue to apply the
successful techniques demonstrated in training, and
quickly lost the necessary task behaviors. Client B had
limited success in ability sampling on which to base
further training, but showed insufficient maintenance to
test generalization at his current levels of skill. While
Clients C and D demonstrated similar maintenance and
generalization of skills, Client D showed slightly greater
educability because fewer and less specific training cues
were required to achieve independent success. The
extent to which this relatively small difference in skill
predicts long -term changes in generalizability is not
evident from these samples.

Implications and Discussion
Thus, none of these types of information are an
adequate picture of performance potential in isolation,
but together they provide the potential for estimating
device learning within a limited session. In many
clinical assessment or therapeutic settings, there would
be chances for a more thorough and representative
sampling of each type of information than was available
within this research study. However, even these brief
samples are more accurate predictors of device learning
than speed /accuracy samples or cognitive age estimates
alone (Cress, French, & Tew, 1991).

The components of this assessment framework are
derived from both theory and practical experience.
Researchers and clinicians will already include several
elements of these performance factors in evaluation
settings, either formally or informally. This article
provides a mechanism for systematically planning and
assessing types of information most informative about
device performance.
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ABSTRACT

Reduced keyboard and automatic character
disambiguation techniques have been used
with four cerebral palsied typists. The
performance of the typists was monitored
over a period of use of the reduced key-
board, on which each key represented more
than one alphabetic character. The typing
method was found to be easy to use and it
reduced keying errors made by the typists.

BACKGROUND ON REDUCED TYPING KEYBOARDS

Reduced Typing Keyboards
Reduced typing keyboards are intended for
use by physically disabled persons who need
special switch or keyboard systems with a
limited number of keys or switches. They
therefore contain fewer than 26 keys for
alphabetic characters, with several charac-
ters allocated to each key. An automatic
disambiguation process can be used to iden-
tify the character implied by any key press
(1,2,3,5,6,7,9,10). This process reduces
the number of switch activations required
to select any alphabetic character, in
order to reduce the physical effort needed
for typing text on the reduced keyboard.

Character Disambiguation
A typical reduced keyboard and disambigua-
tion system operates as follows. The user
of the reduced keyboard presses the approp-
riate key for a desired character, and the
automatic disambiguation process uses known
statistics of character sequences in the
relevant language to predict which charac-
ter is intended. The user can accept this
predicted character (by pressing the key
for the next desired character) or reject
it by pressing an "Error" key, which makes
the disambiguation system predict the next
most probable alternative character for the
pressed key. The user presses "Error" until
the system predicts the correct character.
No more than two presses of the "Error" key
will be needed to select any character if
there are three alphabetic characters on
each key. The ideal keying efficiency which
this type of system can achieve is 1, i.e.
1 character selected for every key pressed,
but this is not likely to be achieved in
practice because of imperfect disambigua-
tion. Keying efficiencies of up to 1.025
keys per character (97.52 %) have previously
been achieved (4) in simulation experiments
with an adaptive disambiguation system.

N -gram Based Disambiguation Models
The principal method of character disam-
biguation for a reduced keyboard relies on
a prediction model built from n -grams
(strings of characters from conventional
text) to estimate, on the basis of the
immediately preceding typed characters,
which one of the characters on a pressed
key is the most probable in the prevailing
context. The disambiguation system offers
that character to the user, who either
accepts it, or rejects it using the "Error"
key. N -grams can be of any length n; mono-
grams (n =1) consist of single characters,
bi -grams (n =2) consist of two (e.g. "tr ",
"oo ") and tri -grams (n =3) consist of three
(e.g. "tre ", "ook "). N -gram models can be
constructed from samples of existing text,
or, in an adaptive system, from the typed
text of the user of the reduced keyboard.

RESEARCH: DISAMBIGUATION FOR DISABLED USERS

The purpose of the work reported here was
to investigate whether members of a target
client group could use such a disambigua-
tion system in a typing task. Some features
of the technique were unconventional, such
as the multi- character keys and the use of
the "Error" key to elicit alternative pre-
dictions from the system. Other research
had shown that able- bodied users could use
a reduced keyboard (6,8); it was therefore
important to investigate whether potential
disabled users could assimilate the typing
technique and use it effectively. The users
in this case were a group of cerebral pal-
sied adults (three male (DB, EM & IW) and
one female (MM)) who all had experience of
using the conventional QWERTY typing key-
board as their principal writing tool, but
who suffered low typing speeds and high
error rates as a result of their physical
disabilities. Reducing the number of keys
(or switches) and increasing the spacing
between the keys was seen as a possible way
of making typing easier and reducing error
rates for these users.

METHOD

Input Device
The most appropriate input device for all
of the four users was found to be the nor-
mal computer keyboard, because they were
used to operating it (although slowly and
with frequent errors) and because other
methods (e.g. membrane keyboards) did not
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have the correct tactile or motion charac-
teristics to match their abilities. (One
user could not exert sufficient downward
pressure on the membrane switch surface to
ensure switch activation, for example,
whereas another could not target switch
areas accurately on the smooth surface.)
All of the users preferred to use the con-
ventional computer keyboard (with which
they were familiar) as their input device.

Reduced Keyboard Layout
The computer keyboard was therefore pro-
grammed as a reduced keyboard, with twelve
of the keys allocated as active typing
keys, and the other keys disabled so that
there was a "dead zone" around each active
key. This "dead zone" assisted in reducing
the mis- keying errors caused by the user
striking keys neighbouring the real target
key. A key - allocation program was developed
to assist in the definition of the layout
of active keys and the characters they
represented. Layouts could be tailored to
suit individual users. The character group-
ings were based on a modified version of
the "TOC" keyboard (2) because this key-
board had previously been found to give
good keying efficiency (1). No more than
three characters were allocated to each key
in this layout, in the following groups:
(ABX); (DEF); (GHI); (OKL); (MNJ); (PQR);
(SU Period); (VWC); (YZT); (Space Comma).
The key allocation program enabled these
groups to be assigned to particular keys on
the computer keyboard, so that a 12 -key
layout could be mapped easily onto the
existing keyboard.

Word Processor for Reduced Keyboard
A simple computer -based word - processor was
created for use with the reduced keyboard.
A window for the predicted character was
positioned in the bottom right -hand corner
of the computer display, where it could be
easily located and viewed by the user. The
predicted character was displayed in this
window in much enlarged form in order to
assist recognition by the user, and it
could also be output in synthetic speech to
further assist recognition. The user could
therefore easily monitor the output of the
disambiguation system and decide whether to
accept or reject the character. A second
window contained a diagram of key groupings
on the reduced keyboard for user reference.
All text typed by the user appeared in a
text window at the top of the display.

Text Samples for Typing Evaluation
Text samples were selected from a text cor-
pus such that all samples had very similar
characteristics, such as overall length
(167 -169 characters), mean word length
(6.46 -6.76 characters) and type /token ratio

(0.84- 0.96). An adaptive disambiguation
model was built from the corpus to give
representative performance throughout the
evaluation. The subjects typed the text
samples in evaluation sessions spanning a
period of five weeks.

RESULTS: TYPING RATES AND KEYING EFFICIENCY

Typing Rates
Table 1 shows the text entry rates achieved
by the subjects in producing error -free
text on the reduced layout over the five -
week evaluation period (cols. 1 -5), and on
the conventional QWERTY layout (col. Q).

Sub Evaluation Week Qwert
jct 1 2 3 4 5 Q

DB 7.00 8.11 9.52 10.30 12.70 12.82
EM 6.26 7.48 10.91 13.75 15.34 16.04
IW 6.71 8.94 13.21 15.62 16.66 34.68
MM 7.24 8.46 11.18 12.98 14.34 14.89

Table 1. Text Entry Rate (Character/Minute)

for 4 Subjects using Reduced Layout over a
5 Week Period (1 -5), and QWERTY Layout W .
At the end of the evaluation period, three
of the users were able to produce correct
text on the reduced layout as quickly as
they could on the conventional QWERTY lay-
out (with which they were very familiar)
indicating that the reduced layout with
disambiguation was a viable alternative
input method for them. One of the users was
relatively good as a QWERTY typist, how-
ever, being approximately twice as fast as
the other three, but attained rates on the
reduced layout similar to those of the
other three. The users approximately doub-
led their output rates on the reduced lay-
out over the evaluation period, and as rate
was still increasing at the end of this
period, further improvement may well have
been possible.

Keving Efficienc

Keying Subject
Effic. DB EM IW MM

Best 1.048 1.048 1.054 1.054

Mean 1.079 1.076 1.081 1.074

Worst 1.108 1.118 1.120 1.125

Table 2. Keying Efficiency (Keys /Character)
achieved by Subjects over five-week period.

Table 2 shows the mean and range of keying
efficiency achieved by each subject. Keying
efficiency is defined as the number of key -
pushes required to type a text divided by
the number of characters in that text.
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Previous simulations (4) using a similar
disambiguation system have shown that key-
ing efficiencies in the region of 1.025 to
1.074 keys /character can be achieved depen-
ding on the text sample used. The keying
efficiencies achieved here are comparable
with these figures, and demonstrate that
the reduced keyboard technique can be used
efficiently by cerebral palsied users.

Tuning Errors
The users generally made more keying errors
when using the conventional QWERTY layout
(computer keyboard) than they did on the
reduced layout, because key(s) neighbouring
the target key were struck in error. One
user (MM) pressed the "backspace" key 59
times when typing a 168 - character text
sample on the conventional QWERTY layout,
but used the "Error" key only 24 times when
typing the same text on the reduced 12 -key
layout. The "dead- zones" around each target
key on the 12 -key layout were therefore
very effective in reducing the amount of
error correction required of the users.

Questionnaire
The users responded positively in a ques-
tionnaire about the reduced keyboard tech-
nique, indicating that it was relatively
easy to use and that it improved their
typing compared to the QWERTY layout.

CONCLUSIONS

The four cerebral palsied users found the
reduced keyboard technique to be an effec-
tive and efficient way of typing text. They
made fewer keying errors, and three of the
four users could type text as rapidly using
the reduced keyboard as they could with the
conventional QWERTY keyboard. The technique
made the conventional computer keyboard
more accessible and usable for the four
users without the addition of any physical
or mechanical accessories or aids. It can
be concluded that the reduced keyboard
technique is an effective method by which
physically disabled persons can type text,
and that it can enhance writing and com-
puter access for such users.
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Learning and Performance in Scanning Systems with and without Word Prediction -- report on a pilot study
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Abstract
A pilot study has been performed to begin to examine
how the cognitive and perceptual loads introduced by a
word prediction feature impact learning and
performance. Two pairs of able - bodied subjects
transcribed text using two row - column scanning systems
for ten consecutive sessions each. The two systems
differed only in that one system had a word prediction
feature, and subject pairs differed in their order of system
use. The results, while limited in their statistical power,
suggest that the training and prior experience provided to
a user may be a factor in determining when word
prediction helps and when it hinders.

Background
Designing an assistive technology system to improve
physical efficiency may also place increased cognitive
and perceptual requirements on the user, leading to
unknown effects on the user's ability to learn and use the
system. This dilemma has been discussed most
frequently in connection with augmentative
communication (AAC) systems, especially those that
employ a word prediction feature (1,6). Word prediction
systems are successful in reducing the motor
requirements for text entry; however, comparisons of text
entry speeds with and without word prediction show
that while some users enjoy substantial improvement,
others may improve only marginally or even decrease in
speed (4).

Research Questions
Our goal is to determine the general principles
underlying the interaction between a user and a word
prediction system, in order to gain a deeper
understanding of the trade -off between the increased
cognitive /perceptual requirements and decreased
motoric loads. We aim to use these principles as the basis
for mathematical modeling to simulate the effect that
different user and system characteristics, as well as
different intervention strategies, have on overall
performance (2). As one of the early steps in this process,
we have designed and performed a pilot study, to begin
to look at how the cognitive and perceptual loads
introduced by a word prediction feature impact leaming
and performance.

Method
1. Subjects. Four able - bodied subjects were used. No
subject had prior experience with the systems studied.

II. Interfaces. The two interfaces under study used single
switch row - column scanning as the basic selection
method. The first interface, referred to as "Letters - only ",
required letter -by- letter spelling, using a fixed frequency -
based letter matrix. The second, referred to as
"Letters +WP ", used the same letter matrix augmented by

1 6 . 6

a word prediction feature. Characteristics of the word
prediction feature included: (1) a six -word list, presented
vertically to the right of the letter matrix, (2) fixed
prediction dictionary, containing 82% of the words to be
entered; (3) fixed order of words in the list, and (4) "half -
and -half' scanning pattern, where the system first
scanned between the entire matrix and the word list, then
scanned the items in one of these halves based on the
user's selection. Both systems included adjustable timing
parameters: the scan rate, an extra delay for first row and
column in matrix and first word in list, and an extra delay
on the matrix half (for the word prediction system only).

III. Experimental Design. Subjects were divided into two
pairs, Pair A and Pair B. For Pair A, the order of system
use was as follows: (1) training for Letters -only; (2)
testing with Letters -only; (3) training for Letters+WP, (4)
testing with Letters +WP. For Pair B, the order of system
use was reversed: (1) training for Letters +WP; (2) testing
with Letters +WP; (3) training for Letters -only; (4) testing
with Letters -only.

Training combined verbal instruction and practice.
Subjects were given the following goal: to achieve their
maximum possible rate with each interface while keeping
to less than 10% missed selections (i.e., item was correct
but not selected at first opportunity) and less than 5%
incorrect selections (i.e., both corrected and uncorrected
errors). During Letters +WP training, the rationale behind
word prediction was explained, but subjects were not
given specific guidelines for when to use the feature.
Subjects practiced using the system on a text sample,
until they could select text with 95% accuracy.

Testing sessions involved a sentence transcription task,
performed twice a week, in which subjects transcribed
two five - sentence blocks of text, separated by a five -
minute rest period. A two - minute warm -up period
before beginning each block was provided. Subjects were
allowed to adjust system timing parameters either before
or after the warm -up period, but not during the five-
sentence block of text entry. Timing parameters could be
adjusted in increments of 25, 50, or 75 msecs.

Text blocks were drawn from published typing tests (3)
and matched with respect to syllable intensity, average
word length, percent of "high- frequency" words, overall
length, and average scan steps. Subjects read the
sentences from index cards, one sentence per card. They
had twenty seconds to flip to a card and read the
sentence. During this period, no selections could be
made. Scanning resumed automatically at the end of the
"freeze" period, and subjects then transcribed the
sentence using the assigned interface. The sentence card
remained in view for reference throughout transcription.
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IV. Data Collection. All items selected by subjects were
timed, collected, and stored in real -time by software we
developed for that purpose. The set -up parameters used
during a session were also recorded with the item data.
Observations of subject behavior during each session
were recorded by the experimenter.

Results
This pilot work is part of an ongoing effort to collect
empirical data that supports the development and
validation of mathematical models of user performance.
However, in the process of analyzing the data from our
first subjects, we have seen some interesting results
regarding differences in what was learned by each of the
two subject pairs, and these will be the focus here.

For the first ten blocks, subjects who began with
Letters +WP (Pair B) entered text more slowly and
improved less overall than those who began with Letters -
only (Pair A). While the Pair B subjects made an average
of 31.6% fewer selections than Pair A, their text entry
speed at each of the ten blocks was an average of 18.6%
slower, as seen in the left half of Figure 1. Additionally,
Pair B's rate improved an average of 28.5% over the first
ten blocks, while Pair A improved their rate by 41.6 %.

Analysis of the second ten blocks reveals a different
trend. Subjects who finished with Letters +WP (Pair A)
made an average of 36.2% fewer selections and had a text
entry rate that was an average of 16.0 %faster than those
who finished with Letters -only (Pair B), as seen in the
right half of Figure 1. The improvement of each pair over
the ten blocks was basically the same, at 33.2% for Pair A
and 35.5% for Pair B.

In the search for what might account for these results, we
analyzed how the experience each pair gained in the first
half might have affected their performance in the second
half. Learning transfer was calculated using the
following formula:

% transfer =
R trn(t) - Rhaz,(t) .

l00
Rtrn(t) - Rtrn(10)

where Rimm is the rate for the first block with the first -
leamed system, R1rn(10)is the rate for the tenth block with
the first - learned system, and Rhar,(t)is the rate for the first
block after switching systems (5). A learning transfer of
100 %, for example, means that the subject's text entry rate
was not affected at all by switching systems. When
subjects switched to a new system after ten blocks, Pair A
had a higher amount of learning transfer in moving from
Letters -only to Letters +WP than Pair B did in moving
from Letters +WP to Letters -only (61.2% vs. 44.8 %).

A second set of analyses on the effects of prior experience
compared the pairs' performances when they used the
samesystem. When Pair A subjects switched to
Letters +WP, their performance with that system was an
average of 32% faster than that of Pair B (Figure 2).
However, when Pair B subjects switched to Letters -only,
their performance was no better than that of Pair A
(Figure 3). Pair B'sexperience with Letters +WP gave
them little if any advantage in using Letters -only, even

though the matrix used in both systems was exactly the
same. In contrast, Pair A's experience with Letters -only
gave them a definite advantage over Pair B in using the
Letters +WP system.

Unpaired two - tailed t -tests were performed for each
difference reported above. P- values ranged from 0.02 to
0.87, with the majority falling under 0.25.

Discussion
A definitive interpretation of these results is difficult,
given the small size of the subject groups and other
methodological limitations to be discussed below.
Nonetheless, the results are intriguing, and a careful
consideration of their implications seems warranted to
guide a search for relevant evidence in clinical or
laboratory reports and to inform the design of future
research efforts.

Neither of the systems enjoyed a clear speed advantage
over the other, even though both pairs made about 35%
fewer selections with Letters +WP. The different order of
interface use for each pair may account for this result.
When subjects used the word prediction system without
any prior experience (Pair B),they were faced with quite
a daunting task: to use the switch properly to select either
a matrix or a word list item; to visually search for and
memorize the matrix locations of 27 characters, while at
the same time trying to search the word list; and to
develop efficient methods of deciding which type of item
to select next, within the time constraints provided by the
system. The cognitive time and energy spent in wrestling
with these component tasks simultaneously may be a
reason why the novice Letters+WP users in Pair B could
not keep up with the novice Letters -only users, at least
over the ten blocks tested.

The available data suggests that Pair B bore a heavier
cognitive burden than Pair A. Despite ten blocks worth
of experience with the letter matrix (during use of the
Letters +WP system), Pair B subjects do not appear to
have learned its layout particularly well. This is based on
their relatively low learning transfer score, as well as the
fact that their speed on the letters -only system was barely
distinguishable from that of subjects who had had no
prior experience with the matrix. It may be that trying to
learn so many things at once hindered their ability to
learn any one thing very well. Additionally,
experimenter observations during Pair B'sLetters+WP
sessions noted that both subjects displayed inconsistent
strategies for using the word list as well as mild
symptoms of frustration. Data collection at finer levels of
detail is planned in order to explore this further.

In contrast, Pair A subjects were able to become proficient
at an important component skill, specifically row - column
letter scanning, before using the word prediction system.
They could focus on learning skills specific to the word
prediction feature itself, such as developing efficient
strategies of word list search and using them consistently.
Our observational data supports this hypothesis, as Pair
A subjects seemed to be much more relaxed and
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co ns istent in their wo rd  p redic tion b ehavio r than Pair B
sub jec ts  were.  A greater und ers tand ing o f the wo rd
pred iction strategies  that s ub jec ts in bo th p airs used  is
need ed  to  p urs ue this  further.

One imp licatio n o f thes e res ults  is the fo llowing
hyp o thes is : tr aining ind ivid uals  in c o mp o n ent s kills  may
lead to  b etter suc c es s  with a co mp lex sys tem.  No  d oub t
there are c linic ians  who  fo llo w this  s trategy in their
interventio ns. In o ur exp erienc e , however, this type of
interventio n is  mos t o ften us ed  when ind ivid uals  are
having d iffic ulty gaining s imp le c o mp etenc y in the
co mp lex s kill,  or are imp ro ving very slo wly.  Bas ed  o n
thes e criteria ; neither o f the sub jec ts  in Pair B wo uld  b e
id entified for " remed iatio n"  in ro w - co lumn letter
sc anning,  altho ugh b o th may have b enefited  fro m it .  T o
examine this  hypo thesis  further, it  wo uld  b e nec es s ary to
have an ad dit io nal group  o f s ub jec ts  who  us ed  o nly the
Letters +WP  s ys tem thro ugho ut the exp eriment.

A full und ers tanding o f ho w us er,  s ys tem,  and
interventio n characteris t ic s c o mb ine to  influenc e us er
perfo rmanc e with wo rd  p red ic tio n and  o ther AAC
sys tems  will req uire a large amo unt o f emp iric al s tud y
us ing a variety of metho d olo gies .  Our ho p e is  that
generalit ies  can b e dis c o vered  and that  similar
co mbinatio ns o f fac to rs  will p ro ve to  have s imilar and
predic tab le effec ts o n p erfo rmanc e.  T hes e c o nd it io ns
mus t b e true in ord er to  b uild  mo del s imulatio ns  that  will
pred ic t the effects of novel c ombinations of fac to rs .
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A PRO PORTIONAL HAND SPLIN T CON TROL

Mark I.  Bres le r  MBME
O'D ono ghu e Reh abi l i t at ion  Ins t i tu te

Ok la ho ma  Ci ty ,  Ok l ah oma US A

ABSTRACT

A p ro p o r t i o n a l co n t ro l t h a t im it a t e s a
jo y s t ick h a s b e en deve lo p ed . C u s to m
h an d  s p l in t s  in c o rp o ra t i n g a n  o p en  e n d ed
box o r " t u n n e l" for th e r in g an d lit tle
f in g ers en c lo s e p h o to s en s o r s to read
fin ger p o s it io n .

STATEMENT OF THE PROBLEM

Severa l d eve lo p ers h a ve d es ign ed bo dy
m o u n te d d irec t io n a l co n t ro ls for u s e r s
with limited fu n c t io n . Th es e in d ivid u a ls
h ave m o re co n t ro l t h a n req u ir ed by
sim p le swit ch es , b u t  l e s s th an  n e ce s s a r y
fo r  a  s t a n d a rd  j o y s t i ck. In 198 2 Sn e ll (1)
d e s c r ib e d a t h u m b m o u n t e d th im b le
in s id e a r in g wi t h m e t a l c o n t a c t s .
To u c h in g t h e t h im b le to th e r in g
pro vid ed  s in gle s p eed  d irec t io n a l co n t ro l.

BACKGROUND

As th e Ta m a r a Sy s t em (2) for mob ility ,
c o m m u n ic a t i o n a n d e n v i r o n m e n t a l
co n t ro l evo lves ,  fea tu res  a re  ad d ed to  eas e
s e t u p  a n d  u s e . Th e  co n t ro l in p u t  s y s t em
is  a  go o d  ex amp le . Th e  i n t en d ed  u s e r  h as
co n t ro l  o f  f i n ge rs  o n  each  h an d , the re fo re
a d i r e c t i o n a l co n t r o l s c h e m e w a s
d eve lo p ed . Mo vin g th e left f in ge r u p
pro vid es u p or fo rward mo tion , mo vin g
th e left f in ge r d o wn pro vid es do wn or
revers e mo t io n , mo vin g th e r igh t fin ger
u p  p r o vid e s  r ig h t  m o t io n ,  an d  m o vin g t h e
r igh t f in ger d o wn pro vid es left mo t io n .
Th re e s e n s o r s y s t e m s h a ve been u s ed
with th e  Ta m ar a  Sy s t e m .  Th e f irs t  s p lin t
se t  u t ilized a d es ign  f ro m  Micro s wit ch  (3)

Magn e t ic ha ll effect s en s o rs a t t a ch ed
th e r in g f in ger of ligh t c lo th glo ves .
Mag n e t s were a t t a ch ed to th e " tu n n e l"
sec t io n o f  t h e s p lin t s . Th is a r ra n g em en t
wo rked b u t th e glo ves were diff icult to
p u t on , a n d th e s e n s o r s s o m e t im e s
ro t a t ed o u t of  p o s it io n . Th e seco n d s e t
h a d s e n s o r s m o u n te d a t th e to p an d
b o t to m  o f  t h e  " tu n n e ls "  an d  a  m agn e t  was
placed in s id e th e r in g fin ger o f  a glove.
Th e m a gn e t c rea t e d  vo l t ages wh ich  we re
s u m m ed  a s  a n  o u t p u t . Wh ile  m o vin g t h e
cab les  f ro m  th e  glo ves  t o  t h e  s p lin t s  m ad e
se tu p  easie r,  s t af f  a s ked if it  was  p o ss ible

to  elim in a t e t he  glo ves.  At  t his  tim e it  was
d e c id e d to in v e s t i g a t e w h e t h e r
p h o to s en s o rs co u ld be u s ed to t r ac k
finger m ovem ent .

DESIGN

Th e ligh t s p l in t d e s ign re q u ir e m en t s
inc lu ded:
1)  R e ject ion  o f  am bien t  ligh t levels
2)  I f  (1)  co uld  n o t b e  acco m p lis h ed  in  fu ll
su nligh t,  th en  ou tp u ts  sh ou ld go  to  ze ro .
3) No perce ived res p o n s e lag d u e to the
co nt ro ls .

Ta kin g  t h es e req u ir em en t s in to acco u nt ,
a  s am p led s y s t em  to read finger po s it io n
was  d eve lo p ed .  A  d igit a l c lo ck ru n n in g a t
4000 p u ls es  p e r  s eco n d  is  fe d  t o  a  d ecad e
c o u n t e r c r e a t i n g 1 0 t im e fr a m e s ,
rep ea t in g 400 t im es  a  s eco n d .

Du r in g f ram e 1 th e  am b ien t  ligh t  fo r  each
s en s o r is read an d sto red in in d ividu a l
sam p le  an d  h o ld  c ircu it s .  Up o n  co m m an d ,
a s a m p le an d ho ld c irc u it s a m p le s a
voltage for a n in s t an t an d s to res it for
future us e.

Du r in g fram e 2 th e in frared led for th e
u p p er left s en s o r ( fo rward ), is t u rn ed
on, an d th e u p p er left s en s o r o u t p u t is
read an d sto red in a s a m p le a n d hold
circuit .

Du r in g fram e 3 th e in frared led for the
lo wer  le f t  sen s o r  (  reve rs e  ) ,  is  t u rn ed  o n ,
an d th e lo wer  le f t  s en s o r o u tp u t is read
an d  s to red  in  a  s am p le  an d  h old  c ircu it .

Du r in g fram e 6 th e in frared led for th e
u p p er  r igh t  s en s o r  (  r igh t  ) ,  is  t u rn e d  o n ,
an d  t h e  u p p er  r igh t  s en s o r  o u tp u t  is  read
an d  s to red  in  a  s am p le  an d  h old  c ircu it .

Du r in g fram e 8 th e in frared led for the
lo wer  r igh t s en s o r ( lef t ), is t u rn ed on,
an d  th e  lo we r  r igh t  s en s o r  o u t p u t  is  r ead
an d  s to red  in  a  s am p le  an d  h old  c ircu it .

Th e s am p le an d ho ld vo lt ages for each
ax is a re co mb ined to p ro d u ce a volt age
re la ted to finger pos ition in d ep en d en t  o f
am bient  light .

302 RESNA International  '92 • June 6 -11, 1992



Han d Splint  Co n tro l

Mathematica lly ,  t he  o utpu t of  each ax is  is:

(u p p er  s en s o r (led on))
- (u p per s en so r (ambient))
- (lower s en s o r (led on))
+(lower s en s o r (ambient))

Dis t r i b u t in g th e fu n c t io n s be tween th e
time fra m es allows for th e slow tu rn off
se t t lin g o f  t h e ph o to s en s o rs , an d even s
o u t th e cu r re n t d ra wn by th e in fra red
leds.

To  re d u ce th e effects o f  t h e s am p le an d
hold offs et s each s en s o rs am b ie n t an d
ac t iv e  s a m p le  a n d  h o ld s  a re  o n  t h e  s a m e
in tegra ted circuit .

EVA LU ATI ON

Th e vo ltage o u tp u t of th e ligh t s p lin t
re la t ive to finger po sition h as no t been
tes ted . It do es in c reas e as a  f i n ge r  g e t s
clo s e r  to  a  s ens o r .  Th ere fo re  it  is  po s s ib le
to  lin ear ize t h e s y st em b y  t echn iq ues  su ch
as  Vec torp lan e  (4) . Perfect lin ea r it y may
no t b e d es irab le , an d th e Vec to rp lan e
ch a ra c t e r is t i c s co uld be ta ilored to an
in d ivid ua ls  p re fe rence .

FUT UR E P LA NS

It ap p e ar s po s s ib le to develop so ftware
an d  u t il iz e  s o m e  u n u s ed  h a rd wa re of  th e
Ta m a r a Sy s t em

2 to e l im in a t e th e
s e p a r a t e e l ec t r o n ic c i rc u i t ex p la in ed
here .
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17.2 Pressure Sensitive Joystick and Controller

for Front Wheel Steering Wheelchairs

Fred Powell and Rafael M. Inigo
UVA Rehabilitation Engineering Center

Charlottesville, VA 22903

Abstract

On conventional wheelchairs steering is
accomplished by having one of the rear drive
wheels rotate faster than the other or by having
the wheels rotate in opposite directions. Great
improvements are made in wheelchair
controllability by replacing this conventional
steering system with front wheel steering similar
to that found on any motorized vehicle.

To control front wheel steering it was necessary
to create a new type of joystick and controller.
A pressure sensitive joystick and steering motor
controller using hydraulic connections has been
developed. The controller steers the front
wheels at a rate proportional to the pressure on
the joystick. This pressure proportionality is non
linear; it depends on the forward speed of the
chair, so that at high speed the steering is only
slow and at low speed the steering will operate
fast. The system provides excellent
controllabi li ty, greatly surpassing the
conventional joystick by taking full advantage of
the front wheel steering capabilities of the chair.

Background

Conventional wheelchairs, having large drive
wheels in the rear and small caster wheels in
the front, steer by having one of the drive
wheels rotate at a different speed than the
other. This system has several problems, all
resulting in poor controllability. The overall
problem is the slow response time of the
system. The motors simply can not force the
wheels to turn at just the right speeds to
execute a precise turn. If the driver wants to go
straight, but the caster wheels are not pointing
in the correct direction, it is impossible to start
out moving straight. This can cause problems
in tight areas such as elevators. Another
problem is trying to travel straight across an
incline. Even with microprocessor feedback, it
is difficult to keep the chair from turning down
the incline.

A wheelchair with front wheel steering is an
entirely different experience. The front wheels
are simply steered in the desired direction and

the chair travels in that direction precisely and
immediately. The response is similar to any
front steering vehicle, as the sluggish and
uncontrollable feel of a conventional wheelchair
is gone. When traveling across an incline the
wheelchair has no tendency to deviate from its
straight line path. The driver has the ability to
direct the front wheels in any direction, and the
chair travels only in that desired direction.

Objective

With front wheel steering the conventional
joystick is inadequate. As the conventional
joystick moves from side to side, each joystick
position must correspond to a steering position
of the front wheels. The problem is that the
small range of motion of the joystick is mapped
over the large range of positions of the front
wheels, so that a small change in position of the
joystick corresponds to a relatively large shift in
steering position. It therefore becomes very
difficult to execute a smooth turn or to make
minor adjustments in the position of the wheels
since it is nearly impossible to keep the wheels
at that position.

Our answer to this problem is pressure sensitive
steering. By restricting left and right movement
of the joystick and placing a pressure
transducer on either side, the steering is done
based on the pressure applied to the joystick.
If a large pressure is applied, the wheels will
steer very rapidly and the direction of the chair
will change quickly. If a very slight pressure is
applied then the steering motor will change the
steering position very slowly, making only a
minor change in the direction of the chair. If no
pressure is applied to the joystick then the
wheels remain in their current position, whether
in a straight line or in a turn. In this manner the
steering position of the wheels can be very
finely controlled by applying slight pressures, or
the wheels can be steered rapidly from one
position to another with stronger pressures.

Several improvements over this basic idea have
been made to increase controllability and safety.
As was stated above, the speed of the steering
motor is proportional to the applied joystick
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pressure. To increase the ability in making
minor adjustments to steering position, while still
being able to change steering position rapidly,
the speed of the steering motors changes only
slightly up to about one -half maximum pressure,
and the speed of the steering motor changes at
a large rate from one -half to full pressure.

Wheelchair velocity measurement was
incorporated to make the joystick sensitivity
proportional to the speed of the chair. When
the chair is at rest, you want to be able to steer
the wheels as rapidly as possible, however
when the chair is at full speed, a very slight
change in wheel position causes a very large
change in direction so there is no need to steer
the wheels very fast. It the chair were traveling
at full speed and the wheels were steered at
their full speed, the chair would flip. The
velocity control is incorporated such that when
maximum pressure is applied to the joystick, the
wheels will steer at their maximum safe speed
corresponding to the speed of the chair.

Method

The diagram of Figure 1 shows the entire
steering system. The method chosen uses a
small reservoir containing silicon fluid on either
side of the joystick. A rubber nipple on one
side of the reservoir contacts the side of the
joystick. When pressure is applied to the
joystick, the fluid is compressed. Hydraulic lines
connect the fluid reservoirs to Foxboro pressure
transducers on the controller board. By using
hydraulic links to the joystick, electromagnetic
interference problems are eliminated. From the
pressure transducers the signal is first amplified
with an instrumentation amplifier. The signal
then splits and is amplified by a low gain
amplifier and a high gain dead -zone amplifier.
This creates the different joystick pressure to
steering speed ratios. The outputs and then
summed and fed into a voltage controlled
amplifier. To measure the velocity of the chair
an optical disk encoder was mounted to the
end of one of the drive motors. The encoder

SILICON FLUID RUBBER
RESERVOIR NIPPLE

PRESSURE PRESSURE
TRANSDUCER HYDRAULIC LINES TRANSDUCER

INSTRUMENTATION INSTRUMENTATION
AMPLIFIER AMPLIFIER

OPTICAL FREQUENCY
ENC❑❑ DER t o VOLTAGE

CONVERTER
VOLTAGE VOLTAGE
CONTROLLED CONTROLLED
AMPLIFIER INVERTING AMPLIFIER

LOW GAIN
AMPLIFIER LOW GAIN

AMPLIFIER HIGH GAIN HIGH GAIN AMPLIFIER

DEAD ZONE DEAD ZONE
AMPLIFIER AMPLIFIER

SUMMER — IMULTIOPLEXER I (SUMMER

OUTPUT TO STEERING
MOTOR DRIVER

Figure 1. Pressure Sensitive Joystick Controller
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output is fed into a frequency to voltage
converter[1] which creates a voltage
proportional to the speed of the chair. The
voltage signal is inverted and used to control
the voltage controlled amplifier[1]. Therefore
when the chair is stopped the voltage controlled
amplifier is at full gain and the steering motor
can run fast; and when the chair is at full speed
the gain is small and the maximum speed of the
steering motor is low. The output of the voltage
controlled amplifier is fed into a regular
amplifier, increasing the effect of the variable
gain. The signals from the left and right
channels are then combined for controlling the
steering motor driver, whose inputs are 6 + -3
volts. 6 volts is the zero, 6 to 9 volts rotates the
steering motor in one direction, and 6 to 3 volts
rotates it in the other.

Results

The new joystick was installed in the front wheel
steering wheelchair and tested under different
conditions. It was driven across inclines,
through narrow hallways, in elevators, over
grass hills, etc.

Discussion

The new pressure sensitive joystick and
controller proved to be far superior to a
conventional joystick in their ability to take
advantage of the front wheel steering
capabilities of the wheelchair.

References

[1] National Semiconductor Corporation Linear
Databook, 1988 Edition.
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A FAULT-TOLERANT OPTICAL JOYSTICK CONTROL INTEGRATED CIRCUIT
FOR A POWERED WHEELCHAIR

Cyrus Malek- Mohamadi, James H. Aylor, Andrew J. Schwab

Center for Semicusto m Integrated Systems, Univers ity of Virginia, Charlottesville, Virginia 22903

ABST RACT

This paper describes the design of a new highly - reliable pow-
ered wheelchair joystick control integrated circuit (IC) which
will interac t with a highly - available microprocessor based
wheelchair system also  currently under d evelop ment. The IC
has been designed using silicon compilation technology using a
2 micron, double metal, double poly CMOS process. This joy-
stick sys tem utilizes hardware redundancy, on -chip self -test,
and replicated data paths to detect single stuck -at faults (per IC)
and ins ure safe op eration of the wheelchair at all t imes . Each
circuit c an fit inside a s ingle integrated  circuit chip so that the
parts count is minimized. Data is transferred to the microproces-
sor in parallel or via an ISO compliant serial interface.

BACKGROUND

Traditionally, elec tric  wheelc hair joysticks co ntain variable
resistors, which with proper circuitry, produce a varying voltage
on the input of an analog -to- digital converter (ADC). The digi-
tal output of the ADC is sent to the microprocessor controlling
the wheelchair. The problem with this configuration lies in the
potentiometers  which can become d irty, c ausing malfunctions
or eventually wear o ut d ue to fric tion. This  p ro blem c an b e
overcome by using optical encoders that are not prone to fric-
tio nal degrad atio n - no mo ving p arts  in the enc od er c ontact
other parts.

Several types of optical encoders are available. Relative optical
encoders output two waveforms in quadrature and one optional
waveform that indicates the encoder's home position. The pur-
pose o f the quadrature signals is to determine whic h direction
the encoder is turning. The choice of relative optical encoders
(abs olute optical encod ers are co nsid erably mo re expensive)
requires addit ional signal co nd it io ning befo re the enco ded
information is passed to a microprocesso r (no ADC is needed
here). This additional conditioning is the focus of the rest of this

paper.

X Axis signals ....P...........
Position serial Micro-
Monitor interface processor

Optical
EncWers

Position serial Micro -
Y Axis si nals Monitor interface proeessor "

s

serial link
Figure 1

DESIGN

The design and s imulation of the position monitor IC was car-
ried  o ut us ing the Chip Craftei l l silicon co mpiler too l from

Cascade Design[1], Mentor Graphics ICStation[2] and Mentor
Grap hics  QuickFault.  The pos itio n mo nito r IC  is designed  to

1 7 . 3

examine the three outputs of each of the two optical encoders
(one encoder per axis) and determine a position count (see Fig-
ure 1). Redundant p osit ion monitor ICs  are us ed to eliminate
co mmon mod e failures , by p ro viding identic al, independ ent
data paths between the joystick and the microprocessor. Early in
the des ign pro cess a decision was made that this system con-
form to an ISO interface standard being developed for electric
wheelchair communication[3]. This standard is not yet final, but
certain aspects that were agreed upon at the time were taken into
account in this design.

As shown in Figure 2, the func tional des ign was broken down
into three primary blocks: data path, test , and microprocessor
interface. The microprocessor interface has been partitioned as
a s eparate p roject  to  keep the IC  co sts  do wn and  reduc e the
overall d esign complexity. The data path and tes t b loc ks are
combined onto a single integrated circuit (IC) requiring approx-
imately 2500 microns on a side with a two micron CMOS nwell
process.

IC

--- --  --  --  ---------------------

DATAPATH TEST

SERIAL INTERFACE i

Figure 2

A primary design criteria of the overall wheelchair project was
that it would tolerate one fault in the joystick circuitry and still
continue operating normally. Dual sets of x and y data are pro-
cess ed to  ac hieve this  go al. One whole IC may fail and  the
microprocessor will still receive correct joystick position infor-
mation. This scheme infers that the microprocessor must some-
how determine if  one of the ICs  is bad (explained under 'Test
unit'). Each IC has  on -board test capabilities that are used to
determine the status of the IC, while the microprocessor keeps
a history of position information that is used to determine if the
data from the two position monitors begin to differ significantly.

Data p ath unit

The asynchronous output signals from the two optical encoders
(three signals per encoder) are processed by the data path. The
IC's inputs contain Schmitt - triggers (built into the IC's pads),
which reduce metastability effects on the signals. Metastability
is  a c ond it io n where s ignal levels  remain in an intermediate
state between logic -1 and logic -0 levels. Schmitt triggers elim-
inate or reduce the size of this intermediate state.
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The data path unit contains two identical paths for the x- and y-
axes respectively as shown in Figure 3.

DATAPATH

Figure 3

Multiplexers: The first bloc k in the d ata path is a set  of multi-
plexors. The multiplexors are used to switch between on -board
test vectors generated in the test unit (test mode) and actual sig-
nals from the optical encoders (run mode).

Filters: Next, the signals are filtered with d igital filters to shape
the signals (see Figure 4) into better digital waveforms by elim-
inating spikes, runt pulses, and metastability problems. Each fil-
ter is a series of D -type flip -flops which passes the input signal
on if it  remains  at  a logic  level fo r a minimum o f three cloc k
cycles, otherwise the filter output remains the same. Finally, the
filters synchronize the output signals to the system clock.

Filter Input:

Filter Output: 1

Figure 4

Decoder: The filtered  signals are decoded to control seven -bit
up /do wn binary c ounters.  Three signals  are generated  in this
block: c ount direction, count enable, and home initialization.

Counter: The counter is a seven -bit up /down counter with par-
allel load capability, that has 64 bits of resolution in either direc-
tion. Additional circuitry has been added to allow the counter to
be set  to 40HEX (c ounter 's  midd le value) when the ho me ini-
tializatio n s ignal is rec eived .  Normally, ho me init ializatio n
occurs each time the joystick is in its resting (center) pos ition.
The parallel load feature is used by the microprocessor to reload
the counters with data after a test has taken place, or the micro-
processor can use this as a test feature itself (i.e. to insure proper
operation of the s erial interface).

Latc h: A seven -b it  latc h is  us ed  to  b uffer the po s it io n d ata
between the posit ion monitor IC and the s erial interface.

Tes t unit

Test vectors and overall control signals for the position monitor
are generated in the tes t unit. This unit communicates with the
serial interface fo r its ins tructio ns and  status (error) reports.
Most of the layout in this unit was generated with a finite state
machine language to ol called  FINES SE(4],  included  with the
ChipCrafter software. In addition to this test unit, a comparator
and combinational logic are used to check for faults in the data
path. While the comparator examines b oth x and y -axis d ata
paths, the combinational logic determines if the y -axis counter
is in its home position. The test circuitry can also be function-
ally tested off -line through built in scan -path test structures.

When instructed b y the s erial interfac e unit , the test  unit will
enter its test mode to determine the working status of the chip.
First, the comparator is checked for any logical stuck -at faults.
Test vector coverage is 100% for logical single stuck -at faults.
Next, both data paths outputs are compared while counting up
128 counts and back down 128 counts. Upon completion of this
test, a final test is made to determine whether the home- initial-
ization pulse properly sets the counters to 40BEX. Any testing
of parallel load feature is left up to the microprocessor.

Errors detected by the self -test procedures are reported to the
serial interfac e via two erro r lines : co mp are erro r and ho me
erro r.  While the mic ro proc es so r will routinely initiate a test
sequence on the position monitor ICs, it will also init iate tests
when the data from both ICs significantly differs. Based on the
test results, the mic roprocessor will determine whether or not
future d ata from an IC invalid.

Serial Interfac e

In order to conform to the ISO standard currently under devel-
opment fo r powered  wheelc hairs,  an optio nal serial link has
been designed to provide additional flexibility between the joy-
stick position monitor and the microp rocessor.  The standard
calls for communication between the mic ro process or and
peripherals are to be managed in a serial fashion. Data words are
eight bits long with two bits for start and stop. Using this spec-
ification, the most significant data bit (MSB) was chosen to dis-
tinguis h data word s from contro l and erro r wo rds . The most
significant bit is a logic zero for position data and a logic one for
control and error data. In this way all eight bits o f the s erially
transmitted  word are used. A mo re detailed description of the
interfacing standard can be found in (3].

To reduce fabrication costs in the first phase of this project, the
serial interface is dedicated to a separate IC. The serial interface
circuit is currently under development using an Actel field pro-
grammable gate array (FPGA). The serial interface consists of
circuitry to manage the co mmunicatio n between the p os ition
monito r des cribed in this paper and the microp roces sor. It is
simply an intelligent universal asychronous receiver and trans-
mitter (UART); it sends position and error data to the micropro-
cessor, and accepts and decodes commands and data from the
microprocessor to control the data path operation. Also, it con-
tro ls  p arallel load, reset,  and test  op eratio ns in the po sition
moniter.
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OPERATION

There are three mod es o f o peration for the po sit ion mo nitor:
run, test and parallel load.

In run mo de signal input to  the data p ath originates fro m the
optical encoders. The counter continuously tracks the joystick's
positio n, with a cloc k speed  of 2 megahertz, derived from the
microprocess or's clock. When the mic roprocessor is ready to
receive a pair of positions (x and y), a control word is sent to the
serial interface, which in turn latches the output of the counters
and begins to transfer the position data back to the microproces-
sor. The x- position data is first sent, followed by Elie y -data. The
microprocesso r stores a limited history of the position d ata it
receives and it checks current measurements against this data to
determine if a self -test or joystick reset is necessary.

Self- tes ting begins when the mic roproces sor transmits a test
control word. While in this  mod e, a control line from the test
unit to the serial interface unit is lowered , indicating test mode
is entered. All tests are completed before the Lost mode can be
exited ; applying a RESET is the only way to  c irc umvent this
feature. T he b asic operation of this mode is described above
under 'Test unit' .

The mic ro p ro c es so r may c hoo s e to  resto re the value o f a
counter by transmitting a parallel load control wo rd, fo llowed
by the data to be loaded. In this case, the serial interface strobes
the parallel load line to the test unit and presents the data to the
counter's data inputs, which is latched on the next clock edge.
The x and y- counters may be lo aded independently or jointly.
Again this mode can also be used as a test by the microprocessor
for the parallel load feature.

The microprocessor may also request a hard reset of the position
monitor. In the case of any reset, the monitor will start up in run
mode with the counters set to 40HEX (also the home position).

CONCLUS ION

The design of the po sition monitor IC was strongly guided by
fault tolerance, self - testability, simplicity, conformation to stan-
dards and existing systems, and of course low cost. All of these
features were incorporated to some extent.

Consid erable po ssibilities remain fo r future enhanc ements  to
this p roject: the jo ystick reso lution may b e inc reased  (larger
counters ); different fault to lerant schemes  may be employed;
the input interface (to encoder or other device) can be general-
ized to work with other peripherals such as sip /puff switches.
As it stand s, this project requires two chips: o ne chip fo r the
pos it io n monitor and  one fo r the s erial interface. T hese two
devices could be combined into a single IC incorporating addi-
tional test features.

At this point in the project, extensive simulation has taken place
and the position monitor design is ready to be shipped for fab-
ricatio n. Software to  run on the wheelchair microproces sor is
yet to be coded.
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A n El e c t r i c  Wh e e l c h a i r  w i t h S p e c i a l  F e a t u r e s

Thomas  T . C. Choy, Jo hn T . K. Koo
Bi o me d i c a l  En gi ne e r i ng  La b o ra t o ry , De p a r t me nt o f  E l e c tro ni c  Engi ne e r i ngg

C hi ne s e  Uni v e r s i t y  o f  Ho ng Ko ng
S h a t i n , N. T . , Hong Kong

Ab st ra ct

A new design of electric wheelchair is
presented which incorporates  reduction in size and
weight, adjustability of seat height of backrest, width
and up- folding of armrests and seat rotatability.
Smooth acceleration and tracking controllability is also
achieved via use of close -loop NC -based control
circuitry. The des ign is aimed at providing a more
suitable model of power wheelchair for the use of the
smaller -sized Orientals  in confined indoor space in
general.

Ba c k gro u nd

Inspite of its availability for quite some time,
the present day electric wheelchair, in general, has a
lot of ground for improvement. Its bulkiness and
weightiness and its lack of adequate seat adjustability
and hence comfortability are often points of complaint
from users particularly in the Oriental countries. This
is understandable as all electric wheelchair
manufactured in the West are basically designed with
the nnminal local human size and physique and local
environment in mind. Orientals are in general smaller
in built and less powerful in physique. The crowded
living condition is also a sharp contrast. The difficulty
in achieving smooth acceleration (particularly form
start) and deceleration is  another cause of concern.
The difficulty in tracking an intended path with
differential loading on the two sides due to different
ground condition, especially when one wheel is caught,
is yet something else to improve. There is a genuine
demand for powered wheelchairs of suitable design
(similarly for manual wheelchairs) in the Orient as
electric wheelchairs serve a different category of users.
Presently all powered wheelchairs are imported ones
and as a result can serve only a minority of the
potential users.

Problem Statement

Problems to tackle include (a) reduction of size
and weight, (b) seat adjustability and (c) acceleration
and straight -line control.

Design Methodology and Implementation

(a) Size and Weight Reduction: The problem has been
solved by making reference to the average size of the
Orientals and realizing the vehicle is mainly for indoor
or not - too - hostile outdoor environments. Having
consulted relevant occupational therapists and would -be

users of different types of handicap and the aged, it is
possible to trim down the overall size to 32" (length)
by 22" (width) [Fig. 1 a, b, c]. Moreover, to enable
the vehicle to pass  even a narrower s trip, without
sacrificing side - toppling stability, the 5 -inch front
castors can fold in from a normal span of 22 inches to
17 inches (the width of the rear drive wheels) via use
of a motor - driven lead -screw and Y -link [Fig. 21.
Using two 24 AH batteries, 12 -inch BMX wheels and
aluminium alloy frame, the overall weight is reduced
to some 72 pounds.

(b) Seat Adjustability: As the potentia l user will be
using the vehicle most of the  time during the day, a
seat that can be adjusted to give the user maximum
comfort is useful and important. Our approach is to
adopt an rota ting office chair to the frame work and
make modifications to the seat support, the back
support and the armrests. Since these are all one -time
adjustments, a simple track and stud -lock design is
adopted for all except seat rotation and armres t up-
folding. A locking screw with large haudle fer easy
handling is used for the former and, for the latter, an
end -of- travel catch for the horizontal and vertical dead -
end positions. The armres t, in the  vertical position,
can be pushed in to a span of 17 inches if required so
as to enable the vehicle to pass a narrow corridor or
doorway of about that width [Fig. 1 a, b, c]. With the
seat detached, the whole thing is reduced to two pieces
each no higher than 17 inches and hence can be easily
put away in the boot or even the backseat of a car.

(c) Acceleration and Straight -line Control: Difficulty
in achieving smooth acceleration, particularly in
starting, in an indoor area of rather confined space is
often a cause of deterrence to some potential users of
electric wheelchair. Asymmetrical degree of ground -
contact roughness, free- wheeling due to slip and abrupt
change of travel direction can; on the  other hand,
cause difficulty in tracking. With the user closing the
control loop, the former problem often results in
oscillation in acceleration (ie. a jerky motion) and the
latter in oscillation about the desired track (ie. a
wabbling motion) and can easily lead to collision.

Our solution is to provide an "adaptive" close -
loop control independently for each drive wheel from
which the instantaneous  current and velocity (both
speed and direction) are sensed and fed back for
comparison with the chosen designed reference for
control purposes.
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Motive power is provided by two
0.145KW/0.055 Kgm DC motor each with a  ra ted
current of 6.25A at 24V. Reversible drive is achieved
via a H- bridge arrangement of power MOSFETS
(MTH40N10) which are driven in turn by the LM324
and DS0026 drivers on the high and low side
respectively.

Heart of the controller is the microcontroller
pC8031. An 8 -bit control signal provides a 256 -level
of PWM for fine speed control for each motor [Fig.
3].

The feedback signals are sampled at IOms
intervals and compared with the predetermined target
speed characteristic  corresponding to the controller
(eg, joystick) setting and chosen range of mild,
moderate or hard acceleration. Speed difference
exceeding the set band will cause the drive signal to be
set to the  extreme value within the set limit (Band
Band control type) causing the motor to approach the
target speed in the shortest pcssible time. In order to
minimize the effect of unequal loading, gravitational or
frictional, that may lead to a side- tracking motion, the
control strategy is changed to having the faster - moving
wheel follow the slower- moving one once the
instantaneous differential speed exceeds a preset limit.

Performance Evaluation and Discussion

A length of 32" is not much shorter than the
average length (about 34 "), but the minimum width of
17" is a significant advantage in confined space
maneouvering. The overall weight is 72 lb with two
24 AH batteries and is increased to 95 lb if the
batteries are replaced by two 38 AH ones for longer
distance travel between recharging. Up to 4 hours
continuous operation is possible with the former and
hence overnight recharging only is required for
average indoor use. The larger batteries are
recommended for outdoor use in view of the rougher
ground condition and possibly longer hop required
between recharging. With the existing motor - gearbox
combination (3000 rpm, 50:1) the maximum speed
achievable with an average body weight of 150 lb is
3.1 fps, an acceptable indoor speed figure.

The available ranges of seat adjustments are:
5" for height, 2" for depth, 3" for backrest height and
2.5" x 2 for armrest width. These ranges are
sufficient to cover more than 95% of the population.

To evaluate the speed and tracking control

capability, the speeds are  actually derived from the
correspondingly sampled voltage since actual speed
measurements in motion are difficult to made. Fig. 4
a, b show the acceleration and deceleration
characteristics for (i) uneven loading and (ii) (iii) even
loading on the  two wheels . Part (i) in Fig. 4(a)
depicts the speed curve of the right wheel with and
without (relevant circuit disabled) interspeed
comparison. With the interspeed comparison circuit
intact, the reference speed for right wheel comparison
is changed from the normal target speed to the
instantaneous left wheel speed once the preset
differential speed limit is exceeded. As can be seen,
smooth acceleration can be achieved and off - tracking
is much suppressed.

Conclusion

The several desired features have all been
achieved with this development model. Rooms for
improvement at this stage may perhaps be (a) a more
powerful motor (eg. 1/4 HP) with a smaller gearbox
ratio (eg. 40:1) to improve the maximum speed and (b)
temperature sensing and control for motor protection
in locked wheel overload condition.
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Microprocessor Based D.C. Brushless  Motor Controller
for Wheelchair Propulsion

Fred Powell and Rafael M Inigo
UVA Rehabilitation Engineering Center

Charlottesville, VA 22903

Abstract

The mechanical brushes which are standard in
permanent magnet D.C. motors have several drawbacks.
D.C. Brushless motors use elec tronics  in place of  the
brushes, producing a motor which has several benef its
including higher efficiency and maintenance free

operation.

A microprocessor based d ig ital c losed loop b rushless
motor contro l system has been deve loped  f or elec tr ic
wheelchair propulsion. The wheelchair control algorithm
operates on an 8088 based single board computer, and
each motor is controlled by an HCTL -1100 micro -

controller.

Background

A D.C. brushless motor is designed to have similar
characteristics to a regular permanent magnet D.C.
motor, linear speed /torque and linear speed /voltage
curves. The  construc tion of  the  moto r is ac tually ve ry
s imilar  to  a 3 phase  A.C. motor [1]. The brushless
moto rs  which we are  us ing have a 4  po le  pe rmanent
magne t ro tor and a 3 phase  stator. The control system
of the motor tracks the posit ion of the rotor, energizing
each phase at the correct time and in the desired order.
The direction o f the motor is reversed by revers ing the
order o f  two  o f  the phases. The simp lest brushless
motor control ler consists of 3 Hall  e ff ect sensors  and
transistors. Hall  eff ect sensors in the moto r produce a
voltage  in response to  the  magne tic f ie ld  o f the ro to r.
This signal is used to turn on a transistor which supplies
power to one o f the  motor phases, i.e . each Hall ef fect
sensor is  located  such that it energ izes a phase at the

correct time.

Objective

The benefits of D.C. brushless motors over regular D.C.
motors make them ideal for electric wheelchair
propulsion. With regular moto rs, the  fr ict ion of  the
brushes on the  armature  causes  the  b rushes  to  wear
out. In addit ion to mechanical losses, the brushes also
produce electric losses and produce electric noise which

can interfere with computer and collision avoidance
equipment operation. Brushless motors eliminate these
problems, With their measured  eff iciency approaching
80% over the normal region of  operation, these motors
will  p rovide  extended  range  f or the chair. They also
produce a much higher continuous to rque . Since the
only source of friction is the bearings at either end of the
rotor, brushless motors provide maintenance free
operation, thus reducing the possibility of an unexpected
failure. They also provide nearly silent operation. When
a computer is used to control the moto rs, as is the case

17 .5

in the developed  sys tem, phase  advance  and  phase
overlapped can be used to provide increased torque and
speed.

Method

The  brushless  moto r contro lle r has  been implemented
using the Hewlett Packard HCTL -1100 high performance,
general purpose, digital motion contro l IC [2]. The host
processor is an 8088 based LPM -SBC40 single board
computer on the  STD Bus. The motor drive consists of
IR2110 MOS gate  drivers  with an all  N- channe l power
MOSFET 3 phase bridge. System sof tware is written in
C on a host PC, then downloaded into  the single board
computer using a remote debugger. In the f inal system,
the  executable code wi ll be  burned  into  an EPROM on
the s ingle board computer.

Using of the HCTL -1100 provides many benefits in
contro ll ing the brushless motors. The HCTL -1100 is
essentially a computer dedicated to motion control; there
is one HCTL -1100 for each motor. By p rogramming the
des ired options  fo r the system and  g iving a desired
command, the motion controller will execute the
command c losed loop without any inte ract ion with the
host processor, f ree ing  it  to perform o ther operations.
An optical encoder installed  on the motor shaft provides
position feedback directly to the motion controller.
Several dif ferent control modes are provided , including
position, proportional velocity, and integral velocity. The
HCTL -1100 controls velocity and acceleration, can lock
the rotor, and perfo rms dynamic braking. For increased
speed and torque, the HCTL -1100 can be programmed
fo r phase advance and phase overlap. With phase
advance, the time at which the windings are  energized
is  dependent upon the  ve loc ity of  the roto r; at higher
speeds the windings are energized a little sooner. Phase
overlap means that all three phases are energized at the
same time. Normally, there are only two phases
energized at once, one positive  and one negative. The
current commutation logic does not al low fo r phase
overlap, however a new control le r has been des igned
and is being built which takes advantage of this  feature,
providing an est imated 10  to 15 percent increase in

torque.

The LPM -SBC40 single board computer is actually part
of  a previous ly designed  optimal adap tive  wheelchair
control  system [3]. Modif ications to the  system will be
made to interface it with the HCTL -1100 micro -
controllers and take advantage of the features of

brushless motor.

Results

Figure 1  shows the  construction o f the current system.
The brushless motor and  control le r have been tes ted
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using  a dynamometer which measures input power and
current, and output speed, torque, and power. The
fo llowing graphs  d isp lay some sys tem characteris tics .
Currently the so f tware is be ing  writ ten to interface the
brushless motor controlle rs with the adaptive whee lchair
controller, and  necessary parts are  be ing  co l lec ted  to
install the entire system in a chair.

Discuss ion

Figure 2 shows the exce llent e ff iciency and  high torque
of  the  motor and  control le r. Figure 3 shows the linear
speed- torque characteristic like that of commutator D.C.
motors. Note, however, that the  line is not straight. High
speed slopes  are higher due  to  phase advance. Figure
4 shows the l inear current - to rque characte ristics  also
similar to commutator D.C. moto rs. The effect of pulse
width modulation on the current - to rque re lationship can
be seen on graphs  4 and  5 . For pure D.C., motor
current is  dependent only on motor torque, i.e. current is
independent o f  speed  and app l ied  vo ltage . Figure 5
shows that a higher PW M produces a higher maximum
torque, and Figure 4 shows that given a maximum
continuous current, a lower PWM produces a higher
torque. The  sof tware wi ll inco rporate this info rmation,
al lowing the  moto r to produce  high to rques  outs ide  o f
the continuous duty zone  for a short period of t ime, and
adjus t the  contro l parameters to insure  that continuous
operation is inside the  continuous duty zone. Figures 6
and 7 show the eff ect of phase advance on motor speed
and current. We see  that phase advance substantial ly
increases moto r speed, but the  inc rease is matched  by

EPROM

8088
SINGLE
BOARD

COMPUTER

an increase in current. Again, the  so ftware  wi ll invoke
these features when demanded by the use r, produc ing
the needed speed and torque while maximizing eff iciency
and minimizing  current. We conclude that sophisticated
control  with b rushless motors can be achieved by virtue
of the HCTL -1100 motion control IC linked with a
microprocessor.
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POWERED WHEELCHAIR GEARBOX LUBRICATION

M.R. Ford, J.J. Kauzlarich & J.G. Thacker
University of Virginia Rehabilitation Engineering Center

Charlottesville, Virginia USA

Abstract

The mechanical losses in gearboxes of an electric wheelchair
drive system are a major contributing factor to the
inefficiencies encountered in chair operation. The lower the
efficiency occurring in the gearbox results in an overall
reduced electrical /mechanical conversion affecting the
operation time for each recharging of the battery. This paper
presents a few different options to increase the time interval
between battery recharges.

Background

The drive system of an electric wheelchair consists of a
permanent magnet DC motor which is controlled by a Pulse
Width Modulator (PWM), a reduction gear box and a pulley -
belt arrangement. The PWM is supplied by a constant twenty
four volts; two twelve volt batteries. As the operator
maneuvers the control stick the PWM sends varying length
pulses of energy to the motors which determines their speed
and direction. The motors are each attached to a separate
gear box. The gears inside the box will reduce the rotational
speed of the motor and at the same time increase its torque
capability. The output shaft of each gear box is then
connected to a pulley which drives the rear wheels of the chair
by a V -belt system. The belt is used for its ability to absorb
shock and to function as a clutch.

Discussion

A common practice is to use a gear box utilizing a worm and
a single enveloping gear. This allows the shaft of the motor
and the gear box output shaft to be at right angles to one
another which places the motors in a parallel position to the
side framework. A worm gear can also be designed to be self
locking, an added safety feature. Although as a space saver it
is not a highly efficient gearing arrangement. The worm is
driven by the motor and works much the same as a power
screw thread. As the worm turns it drives the gear which is
partially wrapped around the worm. Because of the sliding
contact between the worm and the worm gear high friction
forces occur lowering the efficiency. A spur gear on the other
hand consists of a small pinion and a larger gear. The pinion
is driven by the motor and transmits power to the gear. Due
to involute cutting of the gear teeth their is rolling friction and
much less sliding friction as apposed to the constant sliding
friction in the worm gear. The efficiency is therefore higher
in the  spur gear arrangement than that of a worm gear
system[lj. If the spur gear were to be used it would not allow
the chair to be folded for storage due to the shafts of the
pinion and the driven gear being in a parallel line with one
another. This is an important drawback for spur gearing in
wheelchair design.

Assuming the necessity for compactness of wheelchair storage,
another alternative is possible. The efficiency (rl) in a worm
gear is represented by the equation:

cosio — p tan).
cos4o { p cotx

where 1 is the lead angle of the worm thread, ¢ is the
pressure angle normal to the  gear teeth, and p is the
coefficient of frietion[21. So for a particular worm gear the
only variable which can be controlled is the coefficient of
friction. The most common form of lubrication in a
production gearbox is a very viscous black grease. It has good
properties at high speeds such as supporting high loads, a
fairly low coefficient of friction and rapid heat dissipation.
However at the relatively low speeds that a wheelchair will be
operated the thick grease causes a lot of drag and has a higher
coefficient of friction decreasing efficiency. Therefore an
alternative form of lubrication is desirable.

Two substances that primarily work on the same principal,
possess the properties of very low coefficients of friction and
the ability to be used at low speeds. The first, a lubricant
known as polytetrafluoroethyene (PTFE) is made of a polymer
composition. It consists of a chain of ethylene gas in which all
the hydrogen atoms have been replaced by fluorine.

F F F F F F
- C-  C - C - C -C -C -
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Due to the strong covalent bonds of the carbon atoms
connecting the polymer chain and the weak van der Waal
forces between the various chains, "sliding" is encountered with
minimal shear forces. This characteristic results in a very low
coefficient of friction and is ideal for the sliding motion
between the threads of the worm and the teeth of the
enveloping gear. As the surfaces slide past each other the
PTFE chains perform as microscopic slides. Small amounts
of PTFE contained in an oil resin are applied only to the teeth
surfaces eliminating the drag that is experienced by the total
immersion of the gears  in the grease and increasing the
efficiency. The second lubricant is a dry film molybdenum
disulfide. As mentioned this works in a similar manner to the
PTFE. Each layer of molybdenum atoms is sandwiched
between two layers of sulphur atoms, and the bonds are strong
covalent chemical bonds. The adjacent sulphur atoms possess
weak van der Waal bonds allowing the layers to pass over one
another easily, again with only minimal shearing forces[3].
Although easily split along the sulphur molybdenum disulfide
interface it is very strong in the perpendicular direction
contributing to a long wear life. The dry film MoS, is applied
to the worm and gear by dipping them into a liquid slurry and
allowing it to dry. The parts are then baked in an oven until
hard.

Method

The power was measured to determine the different efficiency
ratings for these different gearing possibilities. A dynamometer
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was used to determine the input power delivered to the system
and to measure the power that was put out by the system.
The efficiency was then calculated by power output divided by
power input. Four different motors, all of the same type were
tested to rind an average efficiency rating. The one that best
fit the  average was then used as a constant for the two
different gearbox configurations and the lubrication variations.
The gear boxes were connected to the motor one at a time.
The system was then tested at a constant load while the
voltage was varied. Changing the amount of voltage is
equivalent to the varying length pulses sent out by the Pulse
Width Modulator simulating the amount the joy stick is
deflected to increase or decrease velocity. One characteristic
of a DC motor is that the  speed of rotation is in direct
proportion to the voltage input. For each input voltage and
maintaining a constant load (input amperage) the power in
and power out can be recorded and at the same time the
rotational speed can be used to calculate the wheelchair speed.
The linear velocity of the chair can be determined from the
rotational speed of the gear box output shaft and the
measured radii of the two pulleys and the radius of the
wheelchair wheel by the following equation:

VEL D = 21t I(e v ) c E A R
p I X 60

Y f 1

where B is the RPM of the output shaft, u the radius of the
pulley connected to the gearbox output shaft, p the radius of
the rear wheel and Y the radius of the pulley on the rear
wheel. The efficiencies found at each voltage level for the
motor and gearbox in series were then divided by the
efficiency of the motor by itself resulting in the gearbox
efficiency. The same procedure was followed using a spur gear
of approximately the same size and weight. This was done for
both the manufacturers grease and the PTFE lubricant. The
results of the data for both the worm gear and spur gear are
shown in Figure 1. The next test involved using the baked on
MoS2 dry film lubricant. This was done for the worm gear
box only due to the plastic gearing of the spur gear used in the
testing. The worm gear was again connected to the motor and
a constant load applied but instead of varying the voltage a
constant 24 volts was maintained to determine the wear
potential of the completely dry lubricant. The result is shown
in Figure Z

Experimental Results

As Figure 1 illustrates, the spur gear does have an average of
a seventeen percent higher efficiency rating than the worm
gear. installation of spur gears of the same size and weight as
the worm gears would increase the time and distance possible
by each recharge. However, as mentioned before, using the
spur gears would restrict the wheelchair's storage capabilities,
due to the spur gear's characteristic of input and output shafts
being parallel. Also shown in Figure 1 is the increase in
efficiency of the PTFE over the grease in both the spur gear
and worm gear. Using the PTFE in the worm gear would
increase the efficiency especially at the lower speeds. The
speeds, consequently, that are most frequently encountered at
which turning and basic maneuvering occur.
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The curve in Figure 2 indicates that the dry MOS2 by itself,
although initially with a high efficiency rating experiences a
steep decline resulting from the removal of the lubricant due
to wear and high temperature build up. The next attempt was
to try and apply both the grease and the PTFE, alternatively,
on the gears that have had the dry film baked on. The results
as shown in Figure 3 would illustrate that in both cases the
efficiency was increased when the oil based lubricants were
applied in addition to the baked on lubricant.

Conclusion

The experimental results would indicate that although the
baked on MoS2 is not a good lubricant by itself, when used in
addition to an oil based lubricant it improves t11e overall
efficiency. Also due to its strength in the direction normal to
its planar surfaces it may increase the wear life of the gears.
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In either case the PT F E c o ns is tently sho ws an imp roved
effic ienc y rating o ver that o f the manufac turers  typ ic al thic k

grease.
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A Pneumatic Powered Extendable
Mouthstick Prototype

S. Scott Stroud and W.S. Harwin
Applied Science and Engineering Laboratories

Alfred 1. duPont Institute/University of Delaware
Wilmington, Delaware USA

ABSTRACT

People who are unable to use their hands can benefit
from using a mouthstick (orthodontic prosthesis) to
perform tasks usually done by the hands. People with
the additional limitation of little or no anterior /poste-
rior head motion may benefit from an extendable
mouthstick. Such a device would allow an individual
to access objects in a larger region, thus allowing an
individual to participate inmore normal daily activi-
ties such as operating a computer or switch. The ex-
tendable mouthstick prototype described incorporates
a pneumatically bite - controlled valve, operating a pis-
ton and cylinder arrangement. The force of the user's
bite controls the extension of the mouthstick.

BACKGROUND

Mouthstick prostheses are comprised of intraoral and
extraoral parts. The intraoral part serves as the inter-
face between person and prostheses. Its design is very
important in helping maintain the oral health of the
user. The extraoral portion consists of the accessory
tips and the body which attaches the tips to the in-
traoral part. Depending upon the type of mouthstick,
the design of the two parts may be dependent upon
one another. Physiological design considerations and
material considerations for the intraoral portion can
be found in the literature [e.g., 1 -7]. Thus far, our re-
search has been confined to the extraoral portion,
while continuing to consider the intraoral components
in the design criteria, to insure that the two parts are
compatible when the design is complete. The design
of the intraoral part does not meet these physiological
guidelines in this prototype.

Currently, we know of four types of extendable
mouthsticks that have been developed. One
incorporates a rack and pinion arrangement which is
activated when the user protrudes or retrudes his jaw
[1]. This allows for an extension of only 1.5
centimeters. A second mouthstick is of the piston and
cylinder variety. It is extended and retracted by the
user puffing and sipping. The friction between the
piston and cylinder is relatively high, thus making it
difficult even for a person with normal respiratory
function to operate, much less a person with
respiratory problems. A third type of extendable
mouthstick is extended by the user "hooking" a clamp
fixed on the extendable shaft onto an environmental

18.1

object, and then pulling [2]. Friction is present
between the telescoping tubes, thus the desired
position of the mouthstick is maintained. This design
is lacking for two reasons. First, not all user's have the
required mobility to operate the mouthstick and
second, the time that it takes to change the length of
the mouthstick is long. Lastly, a tongue activated,
electric motor driven extendable mouthstick has been
developed by Cloran [3].

METHODS

We have pursued an extendable mouthstick powered
pneumatically for the following reasons. 1. If operat-
ing pressures are maintained at appropriate levels,
pneumatics offer a very safe power source. 2. A wide
range of mouthstick forces are available by simply
changing the operating pressure. 3. The time response
of the prosthesis is variable, simply by adjusting the
gases' flow rate. 4. The gas we have been using is air,
which is easily available. 5. The actuators (AIR -
POTSI cylinders) are low cost, light weight, and of-
fer a wide range of extension lengths.

DESIGN DESCRIPTION:

Gas is used to displace a piston contained in a cylin-
der. A three way valve is incorporated such that when
a person bites, the mouthstick extends; when the indi-
vidual decreases his/her bite force, the stick retracts.
The retraction is caused by a spring. The main feature
of the design is using a three way valve to control gas
flow to and from a pneumatic cylinder. The pneumat-
ic cylinder is manufactured by AIRPOTS and is com-
mercially available. The AIRPOTS cylinder is criti-
cal to the design for the following reasons.

l.) The tolerances between the piston and cylinder are
very high, thus allowing minimal gas leakage when
the piston is being displaced (mouthstick extending).

2.) The two major components of the AIRPOT@ are a
cylinder made from pyrex@ and a carbon piston. A
verylowfrictional force is present between the carbon
piston and the pyrex@ cylinder, thus the operating
pressure of the gas can be low (5 psi). Low operating
pressures are advantageous because it results in
minimal gas leakage and it allows for a safer

I Airpot Corp., 27 Lois St., Norwalk, CT, 06851
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operating environment.  The AIRPOTO comes  with a
rubber outer sleeve to protect the pyrex® glass.

The three  way valve is  activated by the  user's  bite
force. By changing the applied biting forces , the valve
acts  in such a way as  to squeeze gas  carrying tubes
closed or a llows  the m to open.  A schemat ic  of the
valving unit  is  shown in Figure  1.  When the  unit  is
fast placed in the  mouth, i t is  situated as  in Figure 2
(call  this  pos ition #1).  The rubber band supplies  a
compress iv e  fo rce  b etwe en me mbers  2 a nd 3.  The
area of contact between these members  is  a t the point
where  the  screw t hrou gh me mber  3 makes  contact
with the tube passing through member 2, thus  causing
the tube (tube #10) to be  compressed shut.  This tube
connects  the  gas  supply to the  AIRPOTO cylinder.
The tube (tube #11) venting the AIRPOTO cylinder to
the atmosphere is still open. This tube becomes
squeezed c losed when the  user applies  enough bite
force for the screw contained in member 1 to
compress tube #11 (position #2). When the user
applies enough bite force to overcome the force
supplied by the  rubber band, member 3 pivots , thus
allowing tube #10  to open (pos iti on #3).  Now, gas
fl ows  i n t o the  AIRP OT ® cyl inde r f ro m the  gas
supply and thus causes the  mouths tick to extend.  To
retract the mouthstick, the user decreases his /her
biting force to obtain position #l. Now the gas supply
is  cu t off  and a  compress ion s pring loca ted i n the
cylinder acts on the pis ton, thus retracting the
mouths tick. Any intermediate mouths tick position
can be obtained by the user toggling between
pos it ions  #1 and #3 a nd t hen going to  pos itio n #2
which will  re ta in the current pos ition. A v alv ing
sys tem schematic  is  given in Figure  3.  The valving
unit was placed outs ide the mouth for safety
cons iderations .

5 1/8 "

2.. "
8 I E

1. Member # 1
2. Member #2
3. Member #3
4. Rubber Band
5. Set Screw (rounded end)
6. Screw (rounded end)
7. Hole for Exhaust Tube
8. Hole for Inlet Tube.
9. AB2POTO Cylinder

FIGURE I
Schematic of the Bite Operated Valve of the

Extendable Mouthstick Prototype

m Tubing

10 Compless ion Spring

Exte nIng St ick

AIRP T C l in

10. Tube from AirSupply to AIRPOTO (through (tole 8)

11.Tube from AIRPOTO to Atmosphere (through hole 7)

FIGURE 2- Schematic of Operational Mouthstick

.. . . . . . . . . . _-------- --------

'ol.

- --- -- - --- --

Operational Unit

A.P.C.

sition 1 Position 2 Pos ion 3

J J J -1 J J
ATM. VOL

ATA.: Atmosphere
A.P.C.: Air Pot Cylinder
VOL: Air Supply Tank

FIGURE 3 -ANSI Schematic of Valving System

RESULTS

We have a working prototype along with a  portable
air supply that we have been testing. We plan on test-
ing the  mouths tick in a clinical setting in the  near fu-
ture. During and after tes ting we will look at the de-
vice's functional short comings and make the appro-
priate  adjustments. Also, we will  try to determine the
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social acceptability of the device under its present de-
sign and looks. We realize that the device certainly
should be made smaller, better packaged, and more
aesthetically pleasing to better serve the user.

DISCUSSION

The design meets a criteria known as Extended
Physiological Proprioception (EPP) in rehabilitation
engineering/robotics. This means that the user has
force feedback when using the device and there is a
direct correlation between bite force and the length of
the mouthstick. A prosthesis having this feature is
more natural to use.

As mentioned previously, we have been focusing on
the design of the body of the mouthstick and not the
intraoral portion nor the accessory tips. After the
extendable portion is deemed satisfactory, we hope to
investigate the design of the intraoral portion so it is
physiologically compatible with the mouth and
dentition. Such considerations include not having
forces upon erupting teeth, making sure the
mouthpiece contacts all fully erupted teeth, having the
prosthesis stabilized by opposing dentitions when the
jaw is very near its physiologic rest position, making
sure the material used has various properties, making
the design such that the user can talk, swallow, and
wet his lips when the mouthpiece is in place, etc. For
a more extensive discussion and a complete list of
guidelines for mouthstick design see references 3 -5.

Work has been done by Cloran, Kozole et al, Lutwak
[i.e., 2,3,6] and others on accessory tips that the user
can change independently. The accessory tips are
usually placed together in a docking station where the
user can place the mouthstick when not in use. The
coupling of the accessory tip with mouthstick end is
usually caused either through friction or magnetism.
Such accessory tips may include a ribber ended tip,
hook, paintbrush, pencil /pen holder, eraser, etc. This
idea of a docking station arrangement will eventually
be incorporated into our system in order to make it
more complete. Our goal is to make an attractive,
socially acceptable (meaning deemed usable by the
user), and safe pneumatic powered extendable
mouthstick with a variety of accessory ends which the
user can change independently along with a docking
station where the user can independently place the
mouthstick when not in use.

One design issue which has not been established, is
that of the gas supply. Possibilities include regulating
air from a small tank filled with compressed air (this
is the set up used for the prototype), using a small air
compressor with tank, or using carbon dioxide
containers with an air pressure regulator. The ideal
gas supply would be a small and quiet pump capable
of delivering 5 - 30 psi output pressure; however other

sources may be more appropriate.

Finally, before the device can be considered for
commercial production, we need better estimates of
user acceptance, production costs, and market size.
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18.2
SAFETY CONSIDERATIONS FOR REHABILITATIVE

AN D HU MA N -SERVICE ROBOT SYSTEMS

H.F. Machiel Van der Loos*f,David S. Lees]', Larry J. Leifert

Rehabilitation R&D Center
Department of Veterans Affairs Medical Center
Palo Alto, CA

ABSTRACT

The safety of electromechanical systems used in
rehabilitation depends not only on the quality of the
device, but also on the quality and degree of
integration of the user interface. In the small, young
and underfunded field of rehabilitative robotics, the
complexity of the systems has forced pioneers to
concentrate on partial solutions. Casualties include
interface design, interface integration, and a system -
oriented design approach. Safety, if viewed as the
system's resistance to harming the operator as well
as the environment and the robot, is the quality
globally sacrificed.

BACKGROUND

The design of equipment for rehabilitation is
constrained largely by cost. The lack of resources
available for the design of any one device is not due
to overall market size (which is large), but rather to
the highly individualized nature of the disabled
population. Resources, therefore, are spread over a
large variety of solutions, making each individual
market small.

The result of this fragmentation is that most
rehabilitation industries can not mature properly.
The exceptions are those rehabilitation niches which
do have a large market, such as wheelchairs, and
those which rely predominantly on industrial or
consumer -grade components or equipment, such as
environmental control units and some software
programs. For these areas, open- market forces,
standards and regulations benefit the rehabilitation
area by ensuring quality. For smaller domains, such
as adaptive access devices for computers,
augmentative communication aids and rehabilitative
robotics, evolution is slow due to the lack of
resources, which limits design iteration and
perfection. Along with the small markets, the lack of
available investment capital conspires to keep
component and product quality lower than for

t Department of Mechanical Engineering
Stanford University
Stanford, CA

consumer products comparable in complexity.
Casualties of this generic problem are product
reliability, performance, and safety.

PROBLEM STATEMENT

Safety is a multi - faceted design consideration. It
must explicitly influence all aspects of any device:
the electronics, geometry, materials, cabling,
software, and user interface. In rehabilitation, such a
systems approach is crucial due to potential life -
threatening consequences of system failure and
malfunction. The more complex the system, the
more important it is to design in the safety features.
Cost constraints, however, tempt designers to be
content with a minimally functional and thereby
unsafe system. For rehabilitative robots, Asimov's
three laws of robotics [1] provide a high -level
checklist for designers to follow.

The cost of industrial robots (which start at
US$50,000) is considered prohibitive by much of
the rehabilitative robotics community. Certain R&D
groups have developed their own robots to undercut
the prices of industrial robots while delivering
appropriate levels of quality and performance (see [2]
for an overview). Development times have been
long, costs have drifted into the industrial robot
range, and some systems have failed due to the low
level of performance for the cost. The design
approach and the level of attention to safety vary
from system to system. The field of rehabilitative
robotics is still looking for a definitive solution.

Another approach by research groups has been to re-
engineer and enhance existing robot systems,
benefiting from existing technology while
concentrating development effort where the
application mandates. For example, the MASTER
Project uses a re- engineered and enhanced RTX
robot [2] and the VA- Stanford robot DeVAR uses a
modified PUMA -260 robot with the user interface on
a separate computer [3]. The PUMA is the most
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expensive industrial robot of the three, and
predictably the most robust as well.

Which of these systems embodies sufficient levels of
attention to safety to be used in the rehabilitation
domain? Are industrial standards enough? Are they
too stringent? Are they appropriate in scope for non-
industrial applications?

APPROACH

In industrial robotics, the approach to safety has been
to cordon off a robot workcell from people, and to
shut down a robot in case of intrusion. Accidents
have occurred when security systems are
intentionally thwarted, or during robot
reprogramming, when technicians are allowed inside
the robot's workspace. The user interface of these
robots should be blamed for the accidents, not the
arm itself, since the interface did not have provisions
for all operating circumstances that could have been
anticipated, including minor fault correction and
reprogramming. Viewed in this way, the designer
violated Asimov's Laws.

Sheridan and Ferrell argue that a `man- machine
system' such as a robot includes the user as part of
the system [4]. The interface can better integrate all
operating modes, therefore, if they are considered
beforehand as part of a whole. Suchman points out
that humans tend to view systems that exhibit certain

human characteristics (e.g., following rules,
answering requests) as exhibiting human behavior in
all situations [5]. Such extrapolation may cause a
robot system to be perceived as safe while in fact it
can be dangerous if used in ways not anticipated or
constrained by the designer. It is thus incumbent on
the designer to make the user interface itself convey
the limits as well as the capabilities of the robot.

The concepts of a tool (such as a human- service
robot) being ̀ ready -to -hand' and ̀ present -at -hand'
[6] are useful when discussing interruptions in
normal use (breakdowns). A tool in use is 'ready -to-
hand' since it is taken for granted (ready) to let the
user perform a task. In a breakdown, its presence
comes to the fore. The use of the tool now becomes
the task, since the tool needs fixing or adjusting. A
successful interface will give the user access to
information necessary for diagnosis and repair,
perhaps by modifying the interface itself. If such

provisions do not exist, then safety is compromised,
since the user has no recourse to proceed with the
original task.

In complex industrial process systems, such as
power plants, the user interface can impede correct
diagnosis [7]. The information available in the
control room may give a true but too complex image
of the system (e.g., one hundred pressure and
temperature gauges). The presented information
must be consistent with the plant's process goals, not
with the process elements [8]. Real -time diagrams
showing conservation of energy and mass make it
easy to locate hot spots and leaks through
discontinuities in the display. An operator can then
use the plant's valves and bypasses to correct the
overall problem.

A systems approach iscrucial to proper design, and
must include the interface and user. Furthermore,
the interface must concern itself predominantly with
the tasks the user wishes to perform, not the
attributes of the device itself. If an interface contains
provisions for breakdown - management, then safety
concerns are more likely to be folded into the context
of normal operation, not viewed as an aberration.

IMPLICATIONS

The designer of a human - service robot has to spend
as much effort in making the hardware robust as
making the interface complete. The following points
address the problem from different angles:

Safety has to beviewed not only in terms of the
traditional ̀ mean time between failures' (MTBF)
but also in mean-time between breakdowns (as
defined above). During a breakdown, the robot,
not the task at hand, becomes the object of the
operator's attention. Mechanisms should exist to
correct, bypass, reverse, or eliminate the fault
condition. These should be built into the interface
as well as designed into the hardware, and should
include redundant communication channels, call
buttons for outside assistance, and debug modes
to diagnose the specifics of the fault.

• The interface designer must anticipate the most
common faults (e.g., the robot collides with an
object) to allow the operator to deal with them
gracefully. As a corollary, the high -level software
(task execution) must let the operator interact with
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the next lower level of software (motion -

commands), as well as the lowest level (real -time

control). Such layer -to -layer shifting is essential

for debugging and breakdown management.

• The designer has to assume that the robot will be

used for tasks that are unfathomable at the time of

design.  Winograd asserts : "The most success ful

designs are not those that try to fully model the

domain in which they operate, but those that are

`in alignment ' with the  fundamental structure  of

the  domain [9]. " For example, if a robot will  be

dealing with cups of fluid, the gripper mus t at

least be splash - resistant, even if the `Drink'

program does not involve pouring.

• Safety mus t permeate  all aspects of the  hardware

and software design.  A hardware defect should

not be corrected by a  software fix. If the gripper

of a human - service robot has sharp edges, then it

is not appropriate to program the robot to stay far

from its user. Such a design decis ion invites

abuse and a corresponding reduction in safe ty.

D I S C U S S I O N

Given the embryonic nature of rehabilitative robotics,

safety has taken a back seat to functionality, features,

and the proof of system feasibility. Even

discussions of sys tem design have rarely included

safety considerations  [10].  In the automotive

industry, advertising has not always focused on

safety concerns, supposedly out of fear that potential

consumers would be turned away by mere mention

of the topic. It is only recently that vehicles contain

subs tantial safety provis ions  (through regulation,

mostly) and that the topic of safety is actually a major
selling point for new cars. Is a similar effect

occurring in rehabilitative robotics?

Telerobotics, of which rehabilitative robotics is a

subclass, distinguishes supervisory control from

direct (master- slave) control. In the former, the goal

is the fidelity of the task description and execution; in

the latter, fidelity of the sensorimotor aspects of

remote operation. Each mode has distinct advantages

and is appropriate  in different situations. The degree

of autonomy of the device to respond to local

Conditions is another important factor. A design may

include reflex or control loops that do not include and

may be hidden from the operator. In rehabilitative

applications, safe operation means matching the user

with a suitable control mode and with the appropriate

level of local autonomy.  Important factors in making

design choices are the user's level of physical ability,

control of body motions, and cognitive ability.
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Abstract

This paper describes ongoing work in the area of re-
habilitation robotics interface design. Some issues
addressed that are considered important in improving
manlrobot interaction are, proprioceptive feedback,
constrained and unconstrainedforce reflection, bilat-
eral (power and information transfer) control. A sin-
gle degreeoffreedom shoulder input device that mea-
sures and conveys force and position information has
been constructed and connected to a desktop robot
prototype that has force and position sensing capabil-
ities. It is hoped that by improving the control system
in contact and non - contact manipulation the interface
can be made more natural, thereby making a rehabil-
itation robot more effective.

Background
Of primary concern in rehabilitation robotics is the re-
lationship between an operator who has physical lim-
itations, the robot, and the environment. Just like its
natural counterpart, a robotic arm, in order to perform
a wide array of tasks, needs to have a teleoperation
mode. This places control of the arm with the human
user at a lower level. The resulting increase in control,
however is gained at the expense of mental effort put
forth by the user. Given that it is desirable to utilize
human control capability, this paper addresses specif-
ic issues that help to reduce the concentration required
of the disabled user who operates a 6 D.O.F. robotic
device.

Rehabilitation robots being used today in laboratories
and clinics are slow in performing relatively simple
non - programmed tasks such as picking and placing a
peg in a hole, or drinking. Part of the problem is not
having enough inputs to control multiple degrees of
freedom, consequently having to switch modes. The
other area of concern is reliance on visual and inci-
dental feedback alone.

Considerable work has been done in the area of pros-
thetic arms to improve the interface between the wear-
er and the arm. Simpson [1] developed the idea of
extended physiological proprioception (EPP) where-
by the person has a direct `feel' for what the arm is do-
ing, through the interface. An EPP controller was
designed [2,3] and was shown to be an improvement
over velocity controlled eleetromygraphic prosthetic
arms, however, control is at the joint level which lim-

18.3

its the number of degrees of freedom that can be suc-
cessfully controlled. Furthermore true EPP in the
sense of an `unbeatable' l system was absent. Abul-

Haj and Hogan [4] used impedance control to illus-
trate the importance of controller architecture in en-
hancing an amputee's functional capability. The ideas
of EPP and impedance control have similarities in that
both stress the use of natural control modes in the de-
sign of interface devices.
Kazerooni [5] stressed the bilateral exchange of both
information and power signals between the user and
manipulator, whereby human power is amplified by
an external source while control remains with the hu-
man. The bilateral control problem increases in com-
plexity when the user is disabled, with a limited
number of input signals. Force reflective manual input
devices, such as those at JPL [6] have been developed
but none have looked at alternate control sites such as
the shoulder or head.

Problem Statement
The aim is to design an 'unbeatable' servomechanism
[7] that links multiple degrees of freedom of a robot to
limited number of human inputs in a way that pro-
vides the human with proprioception that would make
the robot act as an extension of the user. This would
involve unconstrained manipulation as well contact
tasks.

For C4, C5 level quadriplegics intact shoulder func-
tion provides a command source [8] for a manipulator
that is intuitive and lends itself readily to EPP princi-
ples. The goals of the work are twofold, a) to design
an effective 2 D.O.F. shoulder input device that con-
trols both force and position of a robot, b) to research
and develop control strategies for manipulation that
explore issues related to EPP and impedance control
in unconstrained and constrained manipulation, with a
handicapped user in the loop.

Approach
A single degree of freedom shoulder input device
(master) has been constructed. This controls a 1
D.O.F. manipulator (slave) capable of transmitting
force (torque) and position (velocity)2. The following

1.The term ̀ unbeatable' describes an inflexible link be-
tween input and output, where the input cannot over-
shoot the output and vice versa.
2.By starting with a 1 D.O.F. system, problems associ-
ated with crosstalk and coordination can be avoided.

RESNA International'92 • June 6 -11, 1992 325



Bilateral Control in Teleoperation
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HUMAN MASTER external SLAVE ENVIRONMENT

FIGURE 1. A general diagram showing bilateral exchange of power and information
signals between the shoulder link and the robot

control schemes have thus far been implemented,

a) Slave velocity, controlled by master position
b) Slave position, controlled by master position
c) Slave velocity, controlled by master force
d) Bilateral control of both force and position be-

tween master and slave (fig. 1)

The different control schemes will be used in  a 2
D.O.F. system and assessed based on criteria such as,
time to complete task, forces exerted, ease ofcontrol,
mental effort, and quality of execution.

Desirll
The shoulder link consists of a molded harness that is
padded and attached to the shoulder by velcro straps
under the armpit and around the torso (fig 2). The end
of the shoulder link is attached to the harness through
a ball and socket joint. A full bridge strain gage trans-
ducer is mounted at the tip of the link and measures
shoulder protraction- retraction force. The linear
shoulder motion is then transformed to rotary motion
through a universal joint. The center of rotation is a
shaft that sits inside a magnetic particle brake, capable
of applying a braking force to the shoulder. The angu-
lar displacement of the shaft is measured by a potenti-
ometer. The entire master link is attached to an
adjustable wooden chair.
The master link is connected, via a PC, to a 1 D.O.F.
robot that sits atop a table in front of the user. The ro-
bot is driven by a DC motor and rotary motion is trans-
formed to linear motion by a rack and pinion. A full
bridge strain gage transducer at the link tip monitors

environmental force.
The hardware controlling the system consists of a 12
bit, S channel A/D card; the slave link control card,
which uses pulse width modulation and performs PID
motor control where position feedback is from a digi-
tal encoder. The magnetic brake is also activated by
PWM, in accordance with the software control
scheme used.
The single degree offreedom system will be extended
to two D.O.F. The shoulder link will be a pantograph
type which would allow the actuators to be placed at
the base.

Implications
Extended physiological proprioception implies there
is a mechanical link between input signal and re-
sponse, whereby the two are coupled in termsofforc-
es, positions, velocities and accelerations. In a
prosthetic arm this coupling can be realized via a
Bowden cable, however a robot, besides being remote
has more degrees of freedom which make mechanical
linkages impractical. This work attempts to artificial-
ly create conditions of mechanical coupling that pro-
vide `feel' for what the arm is doing. This
proprioceptive sense is important in performing con-
tact tasks such as writing on a table which requires
more force control, or moving the hand in space
which has more of a position (or velocity) control
component. It is unlikely that in either case it is exclu-
sively a force control or position control problem,
rather a combination of the two.
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FIGURE 2 Diagram of completed s ingle
degree of freedom master /slave
system. Control is from PC

Discussion
Preliminary tests conducted on able - bodied subjects
indicate preference of position control over velocity
control which is in line with established principles of
EPP [3]. The drawback of using position control at the
shoulder is the relatively small range of acromal
movement. This translates to limited movement in
cartesian space of the robot, although control of gain
can be made accessible to the user thereby yielding
greater movement. Bilateral force /position control is
thought to convey increased kinesthetic feedback to
the user. This control scheme is presently being im-
plemented on the existing system.
The actuators for the master link presently use mag-
netic particle brakes which have a fast response time
and are safer since they only apply a damping force.
In order to realize full EPP at the shoulder, however,
it might be necessary to use active elements such as
electric motors to provide complete dynamics to the

user.

In order to make a rehabilitation robot more effective
and acceptable the man/machine interface has to be-
come more `natural'. This can be done by providing
the user with a sensation of forces and resulting mo-
tions at the robot end. One way of accomplishing this
is through EPP, which attempts to establish a physical
link between the two.
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18.4
A COMMAND MONITORING SYSTEM FOR THE MANUS ROBOTIC ARM

John W. Bishop, Geb Verburg, Morris Milner, Martin Mifsud
The Hugh MacMillan Rehabilitation Centre

350 Rumsey Road, Toronto, Ontario, Canada

Abstract:

The MANUS robotic arm is a wheelchair
mounted manipulator arm designed for use by
persons who are serverely physically disabled.
These users typically have limited control or
strength of their arms and hands necessary to
complete tasks of daily living.

The manipulator allows the user direct end-
point control of arm movement by translating
commands for position translation or gripper
orientation in terms relevant to the user. In this
research project, the robot is being evaluated in
independent living , vocational and school
environments. A computer controller signals,
and calculates bounds of operation, valid zones
and positions of the arm. A monitor
specifically developed to record these
commands was designed and implemented to
analyze actions performed with the manipulator
arm. It's features and capabilities are
described.

Introduction:

Objectives of the MANUS (1) study include:

(1) the evaluation of the usefulness of a
manipulator arm for an individual with
restricted hand movement and who uses a
powered wheelchair;

(2) a study of how the arm is used by
analyzing specific activities of daily living
such as eating, pouring a drink or moving
objects (e.g., a book, opening a door, etc.);

(3) identification of potential enhancements to
the operation of the arm pertaining to:

• arm design (parameters such as
resolution of movement)

• user interface
• speed

(4) analysis of arm utilization for the
identification of common control sequences that
will allow the implementation of a degree of
task control in addition to direct control of the
MANUS.

To perform the latter analysis required specific
information detailing the commands given to the
arm. A video recording system operated by a
microcomputer device was designed. The criteria
for such a monitoring device include:

• command inputs to the arm sampled every
40mS minimum while the arm is being
operated;
• events captured and stored for later analysis.
• recording of both manipulator arm actions
and command signals issued to complete the
tasks.
synchronized recorded information to correlate
task activities. An audio track on the video
tape provided a convenient method for storing
the information captured while synchronizing
the command data and video images.
• a visual record of the MANUS actions and
audio record of user comments and ambient
sounds. A stereo handycam was used to
capture these.

The arm is controlled through a 4 x 4 keyboard
or an analogue joystick. Several modes
controlling arm position, gripper orientations,
etc., are displayed on an LED display.

Design Objectives:

In order to obtain the command information
described, it was necessary to construct a data
logging system to:
(1) monitor and capture commands;
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(2) convert this information to a form that can
be recorded on video tape;
(3) control and monitor the video camera and
supply feedback to the user regarding
recording status (e.g. end of tape); and
(4) optimize tape usage.

Design:

The design of the data logging system is based
on a MC68705R3 microcomputer. Keyboard
inputs to the monitor's microcomputer are
conditioned, for compatibility, and scanned by
the controller using a simple four input and
four output arrangement. Each of the four lines
is strobed and read in a period of 5uS every
40mS. Since this is too fast for reliable
polling by the microcomputer, additional
hardware asynchronously stores the keyboard
closures in a 4 x 4 RAM.

Joystick inputs to the controller vary among 0
and 5VDC and require minimal conditioning.
The design also protects the microcomputer
against input voltages outside the operating

range.

The mode display consists of a 5 x 7 LED
array to display symbols indicating the arm's
operating mode. Monitoring four of these
LED's provide 16 numbers to uniquely identify
the mode. These signals and the panic button
signal connect to the microcomputer via opto-
isolators.

To control and monitor the handycam, the
microcomputer activates a solenoid positioned
to press the record button on the camera. A
photo transistor positioned over the record
LED on the camera monitors status, and is
interpreted by the software. The user receives
audible messages and warning beeps on the
camera's status.

Since the study involves timing measurements
of the commands issued, a real time clock
provides 10mS resolution. The current time is
recorded and combined with the input data
during each input event. A dual serial port
connected to route the data from the monitor,

connects a type 202 FSK modem built into the
monitor to the handycam audio channel. The
other serial port is used in the playback process
to download the data over an RS -232 link to an
IBM type personal computer.

Detection of new keyboard events creates a data
packet containing input and timing information.
This formatted packet contains a header
indicating packet type, and a checksum for error
detection.

A 202 type modem is used to modulate data.
The capacity of the audio channel on the
handycam is limited to 1200 baud. Since the
potential information rate resulting from
changing inputs is higher, information may
overflow when data changes at a sustained rate
greater than 6 events per second. To protect data
validity, information overflow is flagged as part
of the data packet definition.

Memory usage of the microcomputer is
optimized so that all available memory is
configured as a FIFO buffer to queue data for
transmission to the handycam. Information
stored in raw hexadecimal format is converted to
ASCII format during the playback process and
downloaded to the PC at 9600 baud.

A second packet type is created when no new
data are detected after 5 seconds. This contains
a 'user identification text string' to facilitate
identification of the user during analysis.
Detecting no new data over a two minute period
causes the microcomputer to command the
handycam to switch off to extend the usable
time for a 2 hour tape and to optimize the
editing process. New data causes the creation of
a new packet, buffered until the restart of the
handycam, and then transferred to tape.

The microcomputer is also responsible for
camera supervision. Delayed operation occurs
during camera activation or deactivation due to
camera constraints. Audible tones are therefore
used to signal operational status including
unsuccessful operations after the timed period.
The handycam also provides an end -of- message
warning five minutes before tape end by
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flashing the REC LED and another audible
message.

Methods:

Seven adults and five children have used the
arm for assessment of training in the laboratory
or in their independent living, working,
hospital or school environment. Questionnaires
and observation scales are being administered
with each subject. The MANUS robot and task
recording system (i.e., video camera and
monitor) are mounted on each participant's
wheelchair.

Results and Discussion:

Much data about the types of activities that can
and cannot be performed the MANUS have
been collected. The list of feats performed
continues to grow and includes household,
grooming, office and maintenance tasks.

Information has been collected about the
decisions to accept and reject this manipulator
technology. The primary decision is based on
the trade -off between benefits and efforts, on
the choice between what the arm can do for
the user and how much time and effort and
inconvenience it costs to do it as opposed to
asking someone else for assistance. Practical
limitations such as accessibility issues, i.e.,
door widths, or control input options are
important considerations. This study is helping
to determine prescription criteria based on
personal characteristics, needs and user
environment.

Data from the monitor described above are
used to identify common actions performed by
different MANUS users. These common
sequences are found in two ways: usually by
viewing the video tapes and coding the actions
according to properties of a unique coding
system developed in this project adapted from
Van Lunteren et al (2), and the Method Time
Measurement System of hand and arm
movement analysis pioneered by the Gilbreths'
(3). The annotation scheme records the object,
action, MTM element, location and success of

the action.

By contrast, the second analysis of common
command sequences is entirely computerized.
Here the computer seeks through all commands
and generates a list of single commands, lists of
pairs, triplets and common quadruplets. The
numerical sequences are coded with mnemonics
that signify the arm movement and combinations
with a frequency of occurrence higher than 5 or
10 (or some value determined by the size of the
file and the variability of the actions). These are
pulled out and played back on the arm to
observe the movement found. If this movement
is recognizable and its automation is likely to
save the user time this command sequence is
recommended as a potential sub task to be
programmed.
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A Pneu matic Actua tion System for a Wheelchair- Mounted Robot Arm

Mohamed Ouerfellil, William Harwin 2 and Vijay Kumar'
Applied Science and Engineering Laboratories

Alfred 1. duPont Institute/University of Delaware
Wilmington, Delaware USA

Abstract
This paper describes a pneumatic actuation sys-

tem for a low -cost, compliant, wheelchair- mounted
robot arm for motor - disabled children. The system
consists of two Flexatore [I] and a four -bar transmis-
sion linkage. Experimental results on the dynamic
performance characteristics of the actuator are pre-
sented. The design of the transmission linkage is
described. Finally, the on -going and future work is
discussed.

Introduction
The Flexator is a tubular chamber built from con-

ventional firehose (details are found in [1]). These
actuators may have several application such as the
esco skeleton demonstrated by Fluck and Henne-
quin[4]. Similar actuators discussed in [2] and [3]
are, respectively, the pouch actuators and the braided
pneumatic actuators. The Flexators are simple, inex-
pensive and safe. However, the absence of friction,
and the high strength to weight ratio are the proper-
ties that most motivated the authors to consider these
actuators. Previous analytical and experimental work
has been done on the dynamic response of a mechan-
ical system driven by the Flexator [1]. However, the
experimental results for the Flexator operating
between two steady state conditions and the thermo-
dynamic model show a discrepancy of 50 %. The dif-
ference was attributed to the assumptions made to
simplifythe model in which heat transfer and friction
losses in the system have been neglected [6]. In this
work, a simpler system consisting of just the Flexator
is considered in order to obtain a better understand-
ing of the dynamic performance of these pneumatic
actuators.

Dynamic Response of the Flexator

In order to obtain the dynamic response for the
Flexator, an experimental test -bed, as shown in Fig-
ure 1, was built. The Flexator works against a cantile-
ver beam and the bending stress is measured with a
strain gage. The response to a 20 psi step input is

I PhD candidate, University of Pennsylvania
2 Director of Rehabilitation Robotics, ASEL
3 Assistant Professor, GRASP lab, University of Pennsylvania

° Flexator is the registered trade name of the Airmuscle Limited of the
12 Orchard Close, Cranfield, Bedford, MK43 OHX, England and is
Protected by the US Patent number 4.944, 755.

given in Figure 2 from which the time constant was
estimated to about 198 milliseconds. However, a dif-
ferent step amplitude (10 psi) led to a different time
constant (180 milliseconds). This is indicative of the
nonlinear behavior of the actuator. Experimental
observations tend to indicate that the step response
willbe slower with increased step pressure. It is also
important to note that the speed of response
decreases dramatically as the volume of the transmis-
sion lines and the actuator is increased [7].

Strain Gage Beam Flexator

Air

. f

Fig.l: Experimental Set -Up for the Flexator
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Fig.2: Step Response of the Flexator

The conditions in this experiment are representa-
tive of those expected in force control. When a
manipulator makes contact with the environment and
the contact force is regulated, the supply pressure
will be controlled while the variations in position will
be minimal. Therefore, we expect a force control
bandwidth of approximately 1.0 Hz for a small - signal

response.
The static response characteristics of the actuator

are shown in Figure 3 for different geometries. The
input to the actuator is the supply pressure while the
strain gage measures the output force. In changing d,
the distance between the beam and base plate, we
simulate changes in the position of the robot link. It is
worth noting that for a given value of d, the pressure-
force characteristics are linear (as in conventional,
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single- acting pneumatic cylinders). Further, as d
increases, for the same input pressure, the effort (or
the output force) decreases. While it is possible that
the characteristics at much higher pressures are dif-
ferent, we believe that this is not the case. if the dis-
placement of the robot link (or in this case, the
flexure of the beam) is small, we speculate that the
pressure -force characteristics are linear throughout
the operating range (0 -80 psi). Future experiments
will be conducted to confirm this.

a°
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a0
w

}0 p.i

vs ,

0.7 0.75 0.8 0.85 09 0.95 1 1 [

sp =r * d ( in )
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Fig.3: Strength Characteristics of the Flexator

Actuator

Thermodynamics of the Actuator

We have built another test -bed (shown in Figure
4) to validate the thermodynamic model first pro-
posed in [1) and [5]. This set -up allows us to easily
measure the pressure, temperature, and volume of air
in the Flexator. The experiment will be carefully con-
ducted to insure that heat transfer is minimal. Results
will be published in a forth coming paper.

On -going and Future Work

The transmission linkage shown in Figure 4 is a
four -bar linkage with four rotary joints. The linkage
is used to transmit power from a doubling acting
actuator (consisting of two Flexators) to a revolute
joint. By changing the link lengths, it is possible to
vary the input - output force characteristics. Given the

characteristic curves for the muscle, the mechanism
can be optimized for a desired output torque at the
driving joint.

Pressure
Transducer

Thermocouple
A i r  _ i Wire

- - - - - -- ............................Graduated Water
Cylinder

Flexator

Fig.4: Measurement of Air Properties in the
Flexator

We propose to experimentally determine a
dynamic model for the configuration shown in Figure
5. This model will lend itself to control using Neural
Networks.

Fig.S: The Actuation System for a Double Acting
Revolute Joint

Conclusion

The approach taken in the different experiments
discussed in this paper is simple and should enable us
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to better understand the behavior of these newly
developed actuators. The Flexators, although some-
what slow in response, are attractive because of their
low cost, low friction, and high strength to weight
ratio and are ideally suited for the wheelchair -
mounted robot arm.
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A mobile wheelchair bag

Jorge E. Letechipia, Denise M. Fregede
Center for Applied Rehabilitation Engineering

Good Shepherd Rehabilitation Hospital
Allentown, Pa. USA

ABSTRACT

Commonly, wheelchair users store
their personal items in a
wheelchair bag located on the
rear of the wheelchair. Because
of this location, people with
limited upper extremity strength
and range of motion are often
unable to retrieve items from
their bags, limiting their
independence. This paper
d e s c r i b e s t h e d e s i g n ,
development, and clinical testing
of a mobile wheelchair bag. The
mobile wheelchair bag is a device
to move the wheelchair bag from a
stowed position behind the
backrest to an accessible
position along the side of the
wheelchair, allowing the user to
store or retrieve independently
personal items from the bag.

INTRODUCTION

In the U.S., it is estimated that
1.2 million individuals use
wheelchairs as their primary source
of personal mobility (1).
Commonly, wheelchair users store
their personal items in a wheelchair
bag located on  t he rear of the
wheelchair. This bag is suspended
from the push handles where it does
not interfere with propulsion, but
also remains out of reach for many
people. Because of this location of
the wheelchair bag, people with
limited upper extremity strength and
range of motion are often unable to
retrieve items from the back of the
wheelchair and must therefore, rely
on someone else to retrieve items
for them. This situation prohibits
independence for the wheelchair user
for many vocational, leisure, and
daily living activities.

At the Center for Applied
Rehabilitation Engineering a mobile
wheelchair bag was developed. The
mobile wheelchair bag is an electro-
mechanical device which is activated
with battery power and moves from a
stowed position behind the
wheelchair backrest to an accessible
position along the side of the

wheelchair. With the bag at the
side, next to the armrest, the user
can retrieve or store items from the
bag independently. By reversing the
power, the storage bag returns to
the stowed position behind the
backrest of the wheelchair.

The purpose of this paper is to
describe the methodology used to
design and develop the mobile
wheelchair bag as well as to present
mechanical and clinical test
results.

DESIGN AND DEVELOPMENT

The method used to design and
develop the mobile wheelchair bag
can be summarized in four phases.
First, the idea was presented to a
group of experts in assitive
technology. The group included
ph ys i ca l oc c u pa t i on a l and
recreational therapists specialized
in the recommendation of  a  w i d e
variety of assitive devices.
Second, the idea was presented to a
group of wheelchair users. The group
included individuals with active
life styles operating in a wide
array of environments.
Third, from the information gathered
from these two groups, preliminary
characteristics were established.
These included:
adaptability to most brands of
wheelchairs, load capacity of 10
lbs, self contained unit, easy to
install and remove, easy to
fabricate and repair, and
cosmetically appealing.
Four, with these characteristics,
the design group proposed, analyzed
and tested different alternatives.
Further analysis of the physical
abilities of the wheelchair user and
the limitation of space in the
wheelchair determined the need of an
electro- mechanical device to achieve
the desired function.
The resulting device consists of a
custom shaped bag secured to a
rotation mechanism. The rotation
mechanism consists of a rod secured
in one end to the gearhead of a
motor, and the other end secured to
a base plate. The base plate holds
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the mechanism and provides for the
attachment to the wheelchair via a
clamp. (Figure 1)

T T -

Figure 1

EVALUATION

Mechanical evaluation

Prior to conducting the clinical
evaluation, tests were conducted to
measure performance characteristics
like: maximum load capacity, maximum
incline under which the device will
remain operational, and estimated
battery life.
Performance test results indicated
that the prototype complied or
e x c e e d e d t h e i n i t i a l
characteristics, therefore the
design team concluded that the
device was ready for clinical
evaluation.

Clinical evaluation

Twenty five units were fabricated
for placement on the wheelchairs of
25 clients. The clients were
wh e el c ha i r de p en d en t with
disabilities including cerebral
palsy, traumatic brain injury,
spastic quadriparesis, post -polio
syndrome, hemiplegia as a result of
cerebral vascular accident, and
lower extremity paraparesis. These
clients had active life - styles
either working in the community or
working from the home. The clients
ages ranged from 27 to 77 years of
age with the average age being 48

years.

Weekly reports of product
performance and identification and
documentation of any problems were
kept on each client. Each client was

responsible for keeping track of the
number of times per day they used
the mobile wheelchair bag, the
number of times, if any, they needed
assistance with the mobile
wheelchair bag, any problems
encountered using the mobile
wheelchair bag, and comments
regarding increased independence.

RESULTS

Information obtained from the client
activity recording forms, showed
that the average number of times the
mobile wheelchair bag was used by
all the clients was four times a
day. Individually, the times
clients used the bag ranged between
one and fourteen times per day.
Ninety -two percent of the clients
indicated that using the mobile
wheelchair bag provided easier
access to their personal items,
t h e r e b y i n c r e a s i n g t h e i r
independence.

The results of the mechanical
evaluation were:
The maximum load capacity of the
device was measured to be 12 pounds.
The mobile wheelchair bag when
loaded with the maximum load of 12
pounds was able to operate at a
slope of 5 °. Using the average
number of cycles per day (4 cycles,
forward- backward motion of the bag),
the estimated battery life when
using the device under "average use
conditions" is approximately 50 to
60 cycles , which translates to 12
to 15 days of operation on one
battery charge.

DISCUSSION

Clinical results of the study
suggest that the mobile wheelchair
bag did increase the independence of
the clients and the device proved
functional during daily life
activities.
These results strongly support the
position that when designing new
devices for the disabled individual,
input from the end user as well as
the expert professional are
essential, prior to the development
of the device.
In conclusion, the mobile wheelchair
bag provides users with the
opportunity to be more independent
in their daily, leisure, and
vocational activities.
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Objective Evaluation and Comparison of Crutch and Cane Tip Slip- Resistance

William English & Thomas Fetterman
Independent consultants

Introduction

injuries to people slipping and falling down on wet
pavement is a much greater concern to those who
use prosthetic walking devices than it is  to  the
ambulatory public at large because these partially
disabled ones tend to fall much more frequently,
and a disabling fracture may immobilize a para-
plegic altogether. Therefore, because of the
greater need for slip - resistance integrity in walking
aids for the mobility impaired, an objective aid was
needed to facilitate development of safer products
and to rank existing products for safety.

The primary disqualifying problem with the tradi-
tional static coefficient of friction testers is  that
they all have had a pronounced delay following the
application of the friction material to  the floor
surface so that any moisture that might be present
would be extruded out of the interface before the
slidin; force can be applied, so that artificially high
readings always occurred. That was besides the
problem of how to fit actual prosthetic devices to
the various machines, which were intended pri-
marily  for evaluation of such sheet materials as
leather or Neolite.

In response to this need for an objective slip -
resistance tester a portable device was designed to
measure the traction properties of various tips on a
standard surface by applying an instantaneous load
to a test tip by impinging it upon the surface at a
selected angle of incidence. This mode of actua-
tion eliminates the familiar "sticksion" problem
arising from the long residence times prior to
motion of the sensor across the test surface.

The new tester can be used to compare the slip -
resistance performance of one tip to others or to
measure the traction properties of crutch and cane
tips on actual walking surfaces.

Principle of Operation

A gas - actuated piston rod fitted with a test tip is set
at a predetermined angle, and when actuated, the

19.2

tip is pressed down onto a representative surface to
determine whether it will slip at the preset angle of
incidence.

The fluid - powered piston is hinged at its top end to
a pivoted mast which in turn can be adjusted to
varying angles to the floor. The angle of the mast
is controlled by a jackscrew mounted between the
mast and its base.

The device is actuated repeatedly at increasing
angles of inclination from the vertical until a slip
occurs. The tangent of the last angle before slip-
page occurs can be used to quantify the slip -
resistance of the test tip on the floor surface under
the prevailing environmental conditions. Real -
world environmental contaminants such as water,
oil or other lubricants may be applied to the inter-
face between the tip and the floor to approximate
actual use conditions.

Tests may be successively performed at incremen-
tal angles to determine the slip - resistance of the
selected test tip, or a single "go /no -go" test may be
performed at a datum angle to determine com-
pliance with a given performance specification for
floor slip- resistance, such as might be mandated
under the new OSHA or ADA regulations.

The coefficient of traction for any test configura-
tion can be determined by looking up the tangent of
the least acute angle at which no slip occurred,
according to guidelines published years ago at what
was then called the National Bureau of Standards.
For example, if the last angle at which no slip
occurred was 26.5 degrees from the vertical, the
coefficient of friction would be .50.

Background of the Invention

Machines based on the instantaneous application of
force at a specified thrust vector onto an actual
walking surface were developed at the Veterans
Administration, the first (an instrumented walking
cane) having been described in a 1977 publication
by Leon Bennett and Eugene Murphy. t The cane
was fitted with a means to show the angle of inci-
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dente, and a force gauge measured the magnitude
of the thrust vector.

This principle was refined in a laboratory cane tip
tester (a variable incidence mast fitted with an
articulated cane that was thrust downward at a
predetermined angle by an electric solenoid)
described in an unpublished 1984 report by Eugene
F. Murphy.2

The problem with the instrumented cane was that
the device was subject to operator - dependent vari-
ables that tended to bias the results, and evaluations
were somewhat subjective. The solenoid - actuated
cane tip tester removed the operator - dependent
biases, but was not portable, and the spiked thrust
action of the solenoid did not approximate human
walking behavior.

The tester described herein is a refinement of the
solenoid - actuated variable - incidence cane tip tester
described by Murphy.

Discussion

Foreseen uses of this kind of test device include the
testing the slip- resistance of prosthetic walking
devices, permitting its use both as a development
tool in the design of improved prosthetic tips and
also to evaluate their effectiveness on actual walk-
ing surfaces; or it  can be used to  determine the
most effective of a series of tips under specified
environmental conditions.

The device can also be used under these controlled
conditions to substantially simulate the forces pre-
sent when used by humans during the walking
process. Velocity of the force vector is controlled
by adjusting the fluidic pressure acting upon the
piston, and after surface contact the applied force
curve builds up smoothly in a manner not unlike
human ambulation.

Furthermore, operation of the device is automated
so as to remove such operator - dependent variables
as variations in velocity  of impact, magnitude of
force or duration of force application. And its
function is independent of gravity, facilitating test-
ing on sloped surfaces without the necessity of
re- calibrating the machine for use on a particular
incline or ramp.

With adaptation of other tester "feet" to the end of

the piston shaft, the invention also may be used as
a slip- resistance tester for floors, and with yet
another adaptation, it can be used to investigate the
slip - resistance performance of footwear products
on floors.

Figure 1 The angle of inclination of the gas -
actuated cylinder is controllable by an electrically -
driven jack screw. Air pressure from a miniature
compressor thrusts the piston rod downward at the
preset angle, which is indicated on the protractor
by a pointer.

Figure 2 If the angle of inclination from the verti-
cal is sufficient to exceed the coefficient of friction
of the test tip on the test surface, the tip slides
across the surface, pivoting around its mounting
axis at the top, producing an obvious slip.

338 RESNA International '92 • June 6.11, 1992



Measuring Crutch Tip Slip - resistance

Test Results

Crutch tip #1 .354
Crutch tip #2 .493
Crutch tip #3 .547

Table 1 The relative slip - resistance performance
of three different crutch tips is compared on the
standard reference surface wetted with deionized
water. The performance spread is significant.
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19.3
GENERATION OF A DATA BASE FOR REASONABLE ACCOMMODATIONS

Charles J. Laenger David D. White
Kaiser Rehabilitation Center Oklahoma Department of Human Services

Tulsa, Oklahoma Tulsa, Oklahoma

Abstract

V o c a t i o n a l r e h a b i l i t a t i o n
professionals can generate a data
bas e th at wi ll  h elp  t he  c our ts  a nd
lawmakers to develop fair and
sensible rules for reasonable
accommodations in the workplace.
Con so lid at ion  a nd  an al ysi s of pa st
successful cases can be made to
determine cost - range- history for
worksite modifications and disabled
worker assist devices. A large
compendium of cases could be made to
present such data as disability vs.
cost, disability vs. types of special
equipment, disability vs. loss of
floorspace, and other valuable
information.

Su c h  d at a  w o ul d  b e ve ry use ful  to
employers for budgeting and planning;
it would encourage clients and
attorneys to pursue fair and
r e a s o n a b l e c o m p e n s a t i o n an d
accommodation. Ultimately, such data
would help to create specific rules
based upon the welcomed, but vague,
Americans with Disabilities Act.

Bavkgcoand

It appears that definitive laws and
regulations regarding reasonable
accommodation in the workplace will
be de ve lop ed  i n the  c ou rt s t hr ou gh
myriads of cases. Attorneys are
preparing for confrontation, and
employers are trying to prepare for
compliance. Attorneys are
contemplating awards, compensation
and fees; employers are contemplating
in c re a se d ex pe ns e, de cr ea se d
production and possible bankruptcy.

Statement of the Problem

The  A me ric an  w it h D is ab il iti es  A ct
doe s not  c urr en tl y p ro vid e a c le ar
d e f i n i t i o n o f " r e a s o n a b l e
accommodation" for disabled employees
in th e w or kpl ac e. Understandably,
employers are very apprehensive.
Employers do not know whether
worksite accommodations for a new
paraplegic s ecretary wil l cost $100
or $10,000. Further, they have few
professional resources that can
pro vi de ad vic e or  ma ke  in te lli ge nt
cost estimates. Their own attorneys
can provide little help because they
sim ply  c ann ot in ter pr et a l aw  th at
does not exist and they are ignorant
of vo ca t io na l re ha b il i ta t io n
couns eling and rehab ilita tion
engineering.

Disabled employees are also in a
great dilemma. They do  n o t know
whether the employer is obligated or
is willing to provide access and to
provide special tools and equipment
that will permit them to be
productive. Th e y  d o n o t  k no w  t h e
d e f i n i t i o n o f " r e a s o n a b l e
accommodations."

Few vocational rehabil itation
counselors have experience in
negotiating with employers to
facilitate employment of severely
disabled clients. Since the number
of severely disabled candidates for
employment will increase rapidly, it
is vital that these and new
counselors be trained and be provided
with tools and information that will
help them do their jobs.

Approach

The RESNA publications contain many
case studies where severely disabled
individuals became employed when they
were provided with suitable adapted
tools, appropriate mobility aids and
suitable worksite modifications.
Auth ors of t hese  ca ses sure ly h ave
experience with many more cases and
ca n ea s il y ob t ai n de t ai ls  o f such
cases.

Similarly, vocational rehabilitation
counselors with severely disabled
caseloads can assemble data on cases
where clients have become employed.
This  ca n be  do ne with out  vio lat ing
privacy since it would only be
necessary to list and define
disability, type of employment, cost
of worksite modifications and cost of
adaptive equipment. No personal or
confidential information would be
revealed.

Th e se  da t a c ou l d b e c ol l ec t ed  an d
analyzed by regional groups. Perhaps
this would be a reasonable task for
existing rehabilitation engineering
research centers, independent living
centers or other federally funded
programs. It may  even be pos sible
for state vocational rehabilitation
agencies to  p ro v i de  m uc h  of  t he s e
data. Ultimately, it would be
necessary for a select group to
analyze and publish the data for use
by disabled clients, employees,
attorneys, vocational rehabilitation
counselors, engineers, courts and
legislators.

Examples of case studies follow:
C.W. was a 25 year -old, speech -
impaired, severe cerebral palsied
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m a l e i n a m a n u a l w h e e l c h a i r . He wa s
t r a i n e d i n e l e c t r o n i c s t h e o r y a n d
c i r c u i t r y b u t c o u l d n o t u s e a
s o l d e r i n g i r o n b e c a u s e o f v e r y p o o r
m o t o r c o n t r o l . He a p p l i e d f o r a j o b
a s a n e l e c t r o n i c c i r c u i t b o a r d
i n s p e c t o r a n d w a s h i r e d i n a c o m p u t e r
f a b r i c a t i o n p l a n t . T h e c o m p a n y
i n s t a l l e d a l i m i t e d p u b l i c a d d r e s s
s y s t e m o n t h e a s s e m b l y l i n e t o
a c c o m m o d a t e t h e s p e e c h a n d m o b i l i t y
d i s a b i l i t i e s o f t h e c l i e n t . T h e c o s t
w a s a p p r o x i m a t e l y $ 4 0 0 f o r e q u i p m e n t
a n d $ 3 0 0 f o r l a b o r . T h i s s y s t e m
w o r k e d s o w e l l f o r t h e d i s a b l e d
c l i e n t a n d h i s n o n  -  d i s a b l e d c o -
w o r k e r s t h a t s i m i l a r s y s t e m s w e r e
i n s t a l l e d o n o t h e r a s s e m b l y l i n e s .

D. W . w a s a 3 0 y e a r  - o l d m a l e w i t h a
s e v e r e m o b i l i t y p r o b l e m d u e t o p o l i o .
He w a s e x p e r i e n c e d i n t e l e v i s i o n
r e p a i r b u t w a s t o o s h o r t t o r e a c h t h e
w o r k t a b l e . T h e s t a t e d e p a r t m e n t o f
h u m a n s e r v i c e s b o u g h t a m o t o r i z e d
w h e e l c h a i r w i t h a m o t o r i z e d ,
e l e v a t i n g s e a t f o r $ 6 , 0 0 0 . No
w o r k s i t e  m o d i f i c a t i o n s  w e r e r e q u i r e d .
T h i s ma n p e r f o r m e d a s a p r o d u c t i v e
e l e c t r o n i c s t e c h n i c i a n .

M . A. w a s a t h i r t y  - f i v e y e a r o l d wo ma n
wh o w a s q u a d r i p l e g i c d u e t o p o l i o .
S h e i n t e r v i e w e d f o r a j o b w i t h a
s t a t e a g e n c y w h e r e i t w a s n e c e s s a r y
t o t e l e p h o n e f a t h e r s wh o w e r e
d e l i n q u e n t i n c h i l d s u p p o r t p a y m e n t .
S h e h a d a g o o d v o i c e , b u t c o u l d n o t
m o ve h e r l e g s , a r m s o r h a n d s . A
f e d e r a l t e c h n o l o g y u t i l i z a t i o n g r a n t
p a i d f o r a s p e c i a l s w i t c h w h i c h w a s
m o l d e d t o h e r h a n d , a t wo  -  s wi t c h
i n t e r f a c e a n d a s p e c i a l c o m p u t e r , a
m o t o r i z e d h o l d e r f o r p a p e r s , a
r e c o r d e r a n d a g o o s e n e c k h o l d e r f o r
t h e m i c r o p h o n e . T h i s e q u i p m e n t c o s t
a b o u t $ 7 , 5 0 0 . M . A. w a s m o r e
p r o d u c t i v e i n t h i s j o b t h a n h e r
p r e d e c e s s o r wh o w a s a s a t i s f a c t o r y ,
n o n  -  d i s a b l e d e m p l o y e e .
D . F . w a s a d e a f , q u a d r i p l e g i c m a l e
w i t h a h i g h s c h o o l d i p l o m a ( 1 ) . He
a p p l i e d f o r a j o b i n a f i s h i n g
e q u i p m e n t a s s e m b l y p l a n t . He h a d
v e r y l i m i t e d u s e o f h i s h a n d s a n d
d r o v e a b a t t e r y p o w e r e d w h e e l c h a i r
w i t h t w o f i n g e r s . W i t h e n c o u r a g e m e n t
o f a r e h a b i l i t a t i o n e n g i n e e r s ,
i n d u s t r i a l e n g i n e e r s a t t h e p l a n t
f a b r i c a t e d a n u t  -  d r i v e r f r o m p a r t s
t h a t w e r e a v a i l a b l e i n t h e p l a n t .
T h e d i s a b l e d w o r k e r a s s e m b l e d t h e n
m e c h a n i c a l p a r t s i n a p r o d u c t i v e
m a n n e r . P a r t s c o s t t o t h e e m p l o y e r
w a s a b o u t $ 1 0 0 ; t i m e c o s t a b o u t $ 6 0 0 ,
b u t t h i s w o r k w a s d o n e d u r i n g s p a r e
t i m e . D . F . h a s w o r k e d p r o d u c t i v e l y
f o r m o r e t h a n e i g h t y e a r s a n d h a s
r e q u i r e d t h e e m p l o y e r t o s p e n d
n e g l i g i b l e m o n e y o n s p e c i a l t o o l s a n d
f a c i l i t i e s .

G . W . w a s a n e m p l o y e d a n a l y s t w i t h
m u l t i p l e s c l e r o s i s . He u s e d a
p o w e r e d wh ee l ch ai r a n d  w a s l o s i n g t h e
u s e o f o n e h a n d wh ic h l i m i t e d h i s u s e
o f t h e c o m p u t e r . A s i m p l e u p p e r c a s e
k e y h o l d d o w n w a s b u i l t f o r $ 6 0 . T h i s
e x p e r i e n c e d a n d v a l u a b l e e m p l o y e e
c o n t i n u e d t o w o r k f o r s e v e r a l m o r e

y e a r s .

I m p l i c a t i o n s

T h e a b o v e a r e e x a m p l e s o f i n d u s t r i a l
c a s e s w h e r e s e v e r e l y d i s a b l e d
i n d i v i d u a l s w e r e h i r e d a s n e w
e m p l o y e e s o r e x i s t i n g e m p l o y e e s w e r e
e n a b l e d t o c o n t i n u e w o r k i n g . C o s t s
f o r a c c o m m o d a t i n g t h e s e w o r k e r s
r a n g e d f r o m $ 6 0 t o $ 7 , 5 0 0 a n d p e o p l e
w i t h v a r i o u s , s e v e r e d i s a b i l i t i e s
w e r e i n v o l v e d . C a t a l o g i n g a n d
a n a l y z i n g a v e r y l a r g e n u m b e r o f
c a s e s w o u l d p e r m i t d e v e l o p i n g
i n f o r m a t i o n t h a t w o u l d c o r r e l a t e
d i s a b i l i t y w i t h j o b t y p e a n d r a n g e o f
c o s t s f o r a c c o m m o d a t i o n s .

D i s c u s s i o n

G e n e r a t i o n o f a d a t a b a s e r e l a t i n g
d i s a b i l i t y t o c o s t f o r w o r k s i t e
m o d i f i c a t i o n a n d w o r k a s s i s t d e v i c e s
w o u l d b e o f g r e a t v a l u e t o t h e
d i s a b l e d c o m m u n i t y . T h i s w o u l d
a c c e l e r a t e i m p l e m e n t a t i o n a n d t h e
g r e a t b e n e f i t s i n t e n d e d b y t h e
A m e r i c a n s w i t h D i s a b i l i t i e s A c t .
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19.4

Self Injection Aid for Persons with Cerebral Palsy

Riley Hawkins, Niki Elder, Alan Harp
Center for Rehabilitation Technology

Georgia Institute of Technology

Abstract
A device has been developed which will allow
persons with severe spasticity to administer
medication through self injection. This device
will help persons, who are dependent on
caretakers for their injections, be able to
function independently in a vocational envi-
ronment. The unique design of the self
injection aid eliminates the danger spasticity
may cause during self injection.

Background
The Center for Rehabilitation Technology
(CRT) specializes in developing products for
person with disabilities to aid these individu-
als in functioning independently in a work en-
vironment. Within the past year, CRT was
presented with a 21 year old woman who has
cerebral palsy and is also diagnosed as a
diabetic. Her spasticity caused by the cere-
bral palsy would cause too great a danger of
injury or inadequate doses of insulin in self in-
jection. This means the young woman must
always be dependent on someone to admini-
ster her injections three times a day. She is
currently living with her parents and would
eventually like to live in her own home and
have a career.
CRT was asked to develop a device which
would allow this woman to administer her
own injections, thus making her less depend-
ent on others. The device which has been
developed as a prototype is a self injection
aid designed to eliminate spasticity as a
danger in self injections.

Research
The fisrt step was to research all existing
products which might help solve the problem
and could be purchased on the market.
What was found were several automatic
insulin injectors which helped extinguish the
fear and facilitate self injection, but these
products did not prevent the spasticity from
endangering the person while self injecting
because the person was still required to hold
it. What was obvious was this type of product
would do all the work as long as it was held
still against the arm. The product found to be
the best design for the clients needs is called

the JECT AID'Im, which would allow for the in-
jection to be almost hands free if a way could
be develop for it to be held against the skin
and triggered to administer the injection.

The JECT AIDTm works by clasping the
syringe between a spring and a trigger. Once
the trigger is pushed the spring moves the
syringe down insert ing the needle into  the
skin and continues to  push the plunger unti l
the insulin is through the needle.

Des ign
The product which has been designed and
developed is a self  injection aid which uses
the JECT AIDTM as an integral part of the in-
jection process. The self injection aid is a
special cuff made to fit the legs or arms and
is held on by a strap using velcro ',1 as the
fastener. This cuff acts as a connector allow-
ing the arm /leg and syringe to move as a unit,
preventing a dangerous injection. On the
outside of the cuff is a compartment where
the syringe loaded JECT AIDTm is snapped

ige used

w marit ,uc v, c  oi c oystnge.

342 RE SN A In te rn a t i o na l '92 • June 6  -11,  1992



Self Injection Aid

in. Attached to this compartment is a handle
which is part of an over center linkage.
When the person moves the handle to the
down position, the compartment holding the
JECT AID'''"' moves down in to the skin, the
JECT AIDI

" m is then triggered and the insulin
is injected. The handle in the down position
locks the syringe in place while the needle is
in the skin and the insulin is injected. This
prevents any spasticity from affecting the
injection.

The steps taken to use the self injection aid
would be to prepare a syringe with the accu-
rate amount of insulin and place the syringe
into a JECT AIDTm and store in the refrigera-
tor. The number of injections stored would
depend on the required amount of insulin
needed daily by the person. This step could
be done by a caretaker.The next step in-
volves only the person who is to receive the
injection. A prepared JECT AID""' is removed
from the refrigerator and placed in the self
injection aid. The person then slides the cuff
of the self injection aid on the arm or leg to
the position required for accurate injection
and fastens the velcroT"' straps. Then with
one motion, the person pushes the handle
downward. This single motion moves the
JECT AIDT" down into the arm or leg, sets
off the spring which pushes the syringe
needle into the skin and administers the
insulin. After the plunger in the syringe is
completely down, the person then raises the
handle, unfastens the straps and removes
the self injection aid.

This is the self injection aid in place on the arm and
ready to administer the medication.

Evaluation
The Center for Rehabilitation Technology has
developed a device which will enable a per-
son with severe spasticity to give themselves
injections for medical purposes. The self
injector aid was specifically designed for a
person with cerebral palsy who must receive
insulin injections 3 times a day. The device
was taken to her home and tested for usabil-
ity by her. With the aid of a table surface,
she was able to insert the prepared JECT
AID"',' in the self injector aid, put the cuff on
her arm and fasten the straps. Because of
her cerebral palsy, she does struggle with
this task and it takes a little more time than
depending on someone else to administer the
injection, but the purpose of the device is to
give people an opportunity for independence
and security in knowing there is a way for self
injection.

The self injection aid is currently with the
clients physician who specializes in diabetes.
He will test the device on the client and give
his suggestions or comments regarding the
reliability and utility of the product. We
should have a response before June 1992.
The very unique element about the self injec-
tion aid is its capability of preventing the
spasticity to interfere with the administration
of the medication.
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C H I L D  S W I N G  W I T H  1 0 0  P O U N D  C A P A C I T Y

Riley Hawkins, Alan Harp, Cabell Heyward
Center For Rehabilitation Technology

Georgia Tech

ABSTRACT

The benefits of sensory stimulation through
swinging have long been recognized in the
field of rehabilitation, but access to in-
home therapy has been limited to available
baby swings. Motor driven and wind up baby
swing manufacturers in North America have
universally adopted a 25 pound load limit.
Today, if a therapist wishes for continued
sensory stimulation after discharge he or
she must hope that the patient weighs less
than 25 pounds or that the family has a
maid willing to push the porch swing. The
development of a swing with a 100 pound
capacity is discussed here. The new swing
looks to fill the voids in the current de-
signs, most importantly providing motor
driven sensory stimulation therapy to fam-
ilies with toddlers and young adults.

BACKGROUND

A fifteen month old baby girl entered our
case load in April of 1990. The child and
mother previously suffered from a condition
known as velamentous insertion. During
labor this resulted in a separation of the
umbilical cord from the placenta prior to
an emergency cesarean section. The loss of
blood and prolonged oxygen deprivation is
manifest in severe cognitive and physical
disabilities but the child came through the
emergency, is stable, and continues to
improve.

During early hospitalization, physicians
and the family discovered the utility of
the swinging motion. It was particularly
useful in the reduction of seizures. At 15
months, however, she already weighed 25
pounds and her swing was beginning to wear.
Aswing was needed to continue therapy in
her new hospital facility and eventually at
home.

A product review turned up numerous baby
swings and numerous school /therapy depart-
ment swings. The baby swings, as mentioned
had load limits of 25pounds- not only the
frames but the swing mechanisms themselves.
They also used replaceable batteries or had
to be wound up constantly. The therapy
equipment swings were not motor driven and
were generally too large to be practical in
a home environment. A swing sturdy enough

to accomodate growth into young adulthood
and conveniently designed for in home use
was not available.

DESIGN

A tubular steel frame swing was developed
for delivery in April of 1991. It is shown
belowTfitanding beside a Fisher -Price baby
swing for comparison. The frame has a
footprint of 5 1/2 feet by 4 1/2 feet and
stands 6 1/2 feet tall. It disassembles
into four pieces for storage or can be un-
locked and rolled from place to place on
its locking castors. The bucket seat has a
three position tilt mechanism and was de-
signed for use with a foam -in -place insert.
It is expected that this seat will need to
be replaced when the child reaches 50 or 60
pounds. The support poles and seat are
easily removed so that they may be inter-
changed with the next seat whether it is a
similar design, a prefabricated bucket seat,
or custom seating pans. The height of the
seat itself matches that of the child's
wheelchair. As the child gains in size and
weight, this along with the ample head room
will accomodate easy transfers.
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The swing operates from a standard wall
outlet so it never needs winding or new
batteries. A single switch turns on a
quiet DC motor to drive the swing mecha-
nism. If for some reason the motion is ac-
cidentally interupted, the unit will idle
until the obstacle is removed, and in a few
seconds gently return to a smooth swing.
During swinging the child can listen to soft
(or hard) music from a stereo radio /cassette
player which was included within the upper
housing at the parents request.

EVALUATION

The swing was installed at a local special
hospital in April of 1991. Father and
daughter are seen here getting ready to
swing. The swing has been operating for 10
to 14 hours a day ever since(more than 2000
hours of use). The client now weighs 40
pounds and the swing continues to operate
as designed. The family noted that im-
provement in upper limb function has become
hampered by the tubes which support the
bucket seat. Alternative supports are now
being discussed.

DISCUSSION

It was the goal of this project to provide
a working swing for our client. It is the
goal of this paper, however, to expose the
shortcomings of current swing designs. The
need for a continious operating swing with
high load capacity and functionality in the
home is evident. If you would like more
information about this project or would like
to encourage manufacturers to produce a
similar swing please contact the author.

Riley Hawkins
Center for Rehabilitation Technology
Georgia Tech
490 Tenth St.
Atlanta, GA 30332
(404) 894 -4960

i< >

Father and Daughter
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19.6 Development Of A 3-Dimensional Measurement System
For Measuring Alignment Of Artificial Limbs

K.A. Moslehi, S.E. Solomonidis, J.P. Paul
Bioengineering Unit, University of Strathclyde,Glasgow.

Introduction

Align ment of a prosthesis is defined as the
position and  orientation  of the socket relative
to the other prosthetic components of the limb.
In current prosthetic practice, to record the
configuration of a prosthesis, the alignment is
subjectively "gauged" to  an unknown accuracy.
As the limb alignment configuration can not be
measured with any degree of certainty, loss of
align ment dur ing various stages of limb
construction or delivery can interfere with the
effort of the prosthetist in achieving the
optimal alignment. Hence, the need for
equ ipm ent  to  a llo w the measu rem ent  of  limb
alignment has become evident.

Des ign

Equip ment for measuring the alignment of
lower limb prostheses in  a clinical situation has
been designed. The system is based on the
principles of alignment definition as developed
at th e Un iversity  of S trathcly de. Zahed i et  al.
(1) The system as shown in figure 1, consists of
an  a lu minium framework having a horizontal
baseplate, a vertical column supports an upper
and a lower bracket for holding the socket and
th e sh ank o f a  p ro sth es is . The  colu mn  also
carries two sets of linkages, an upper set which
measu res t he  p os ition  and inclination of  the
socket relative to the foot, and a lower set
which measures the position and inclination of
the knee joint relative to  the foot. The axis of
the socket is determined by means of a
specially designed socket axis locator. The
lower ass em bly  in co rpo rat es  a spr in g load ed
caliper arrangement which locates on either
side o f the  knee  spin dle. The t oe ou t/in  angle
of th e foo t is  de te rmined b y a pla te  which is
able  to  swivel abo ut the cen tre of the sys tem
coordinate axis on the base plate. The linkages,
each having six joints offer six degrees of
freedom, allowing the measurement of
artificial limbs with any configuration or size.

The system connects to a personal computer via
an int erface . Sof tware is  des igned  to  acquire
the data, perform calculations and present the
alignment data. A patient filing system is also
incorporated. The operation of the software is
through screen men us. Th e syst em def ines a
coordinate axis reference on the socket of
prosthesis according to  a procedure described
by Lawes et al (2), locates the knee spindle and
finally compares position and orientation of the
socket and knee joint with the axis of
prosthetic foot. The alignment data are in terms
of socket height, antero /posterior and
medio/lateral shift and tilt, foot toe in/out
rotation and in the case of an above -knee
prosthesis data includes knee height and
antero /posterior medio /lateral shift and
medio /lateral tilt.
The system can be operated by a semi - skilled
operator and on average it takes 10 to 15
minutes to measure a below -knee or an above -
knee prosthesis respectively. The expected
accuracy of s uch system is ± 1mm and ±0.5°
degree for shift and tilt respectively.

Calibration of the system

The system is calibrated using a specially
designed m and rel re semb lin g an above knee
p r o s th es is wi th kn o w n geo m et r i ca l
configuration. The geometry of the mandrel is
such that once it is  set on the measurement rig,
the m ain axis line o f the  socket section  (two
concentric cylinders) passes through the centre
of the foot plate coordinate axis system, hence
giving zero tilt and shift in all direction of
measurement. Two asymmetric holes on  t he
body of the mandrel re semble the axis of the
knee, again t here is  no t ilt  or shift  relative to
the main frame coordinate system.

Field trials

The field  trial was carried out at two Hospitals
in Glas gow and at the Bioengineering Unit,
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fifty A/K and B/K legs were measured,
repeatability of the system was assessed by
measuring each leg five times consecutively
and b efore every m easu rement , the  leg was
removed and repositioned in the rig, and
measurements for every leg were compared.

Discussion

During the field  trials  it was demonstrated that,
while the present prototype requires certain
improvements in the design and manufacture,
such a system can deliver accurate and
repeatable measurement of the alignment
parameters. The operation of the measurement
system is very much in -line with the usual
procedure of making a leg, hence it  does not
requ ire any extra ef fort  by limb fitting staff.
Quan tification o f alignm ent would allow the
limb fitting staff to check the alignment at any
stage of limb construction. Moreover, the
measurement of the alignment parameters
would provide a permanent record which
would be useful when a duplicate prosthesis is
required.
In using such a m eas uremen t technique , t he
prosthetist is  able to  record any changes made
to the alignment of their patients.
The present prototype system requires certain
improvements in the design and manufacture,
the completion of the alignment measuring rig
shall offer new opportunities to  prosthetists  to
enhance their technique of aligning prostheses
more effectively.
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20.1 ASSESSMENT OF TRANSPORTATION TECHNOLOGY:

SURVEY OF CONSUMERS

Belinda O. Morris, Stephen H. Sprigle, Patricia E. Karg
Transportation Rehabilitation Engineering Center

University of Virginia
U.S.A.

ABSTRACT

A survey was sent to spinal cord injured individuals
who travel in a personally -owned van. Fifty -two
percent drove their van and 59% rode as passengers
(some respondents drove and rode as a passenger).
Personal funds were used by 88% of respondents to
pay for their van. Adaptive equipment was paid for
by the personal funds of 62%. Generally, consumers
were satisfied with their adaptive equipment.

INTRODUCTION

Special adaptive equipment needs increase in order
for disabled persons to obtain a high level of
independence in areas such as self care, mobility,
employment, leisure, and personal transportation.
Upon becoming disabled, individuals have reported
not only being physically disabled but also
"financially disabled ". Adaptive driving equipment
costs range from as little as $50 to as high as
$50,000. In addition to cost, consumers also have
other issues related to transportation such as repairs
to existing equipment, time required for repairs,
alternative transportation while their vehicle is in
repair, and payment for repairs. Other concerns
include assurance that the adaptive equipment
prescribed is truly necessary for the safe operation of
a vehicle. These issues don't even address the costs
and time required for driver's training. In order to
meet the needs and safety issues of the disabled
consumer, their perceptions and experiences should
be determined.

OBJECTIVE

A survey of individuals using adaptive transportation
equipment as passengers or drivers was conducted to
identify problems associated with obtaining and using
adaptive transportation equipment, and to determine
the desires and needs of disabled individuals who use
this equipment. The overall objective was to address
safety issues of transportation using adaptive
equipment.

METHOD

The target population for the consumer survey was
spinal cord injured persons in  Virginia who use a

privately owned van for transportation. This sample
was identified using an existing database of persons
with spinal cord injuries maintained by the Virginia
Spinal Cord Injury System ( VSCIS). To be included
in the survey, a person must: 1) have been 16 years
old or older, 2 ) have a functional spinal injury at TI
or above or have a central cord or Brown - Sequared
syndrome, and 3) enter a personally owned van in
his /her wheelchair. VSCIS sent a survey to each
person who met this criteria and followed up the
mailing with a telephone call.

Users were asked to report on types of equipment
used, service issues, and their perceptions of
satisfaction with the equipment. The survey focused
on wheelchair tie - downs, occupant restraints and
driving equipment.

RESULTS

Surveys were sent to 200 spinal cord injured persons
and 128 responses (64 %) were received. Thirty -nine
percent of the respondents were drivers only, 13%
were drivers and passengers, and 48% were
passengers only. Of the 65 respondents who drove,
only 14 (21 %) drove from their wheelchairs. Nearly
all of the individuals drove prior to their injury
(98 %), and 64% of the respondents had been injured
for over 5 years (Table 1). Most respondents used
Ford (58%), GM (25%) or Chrysler (15%) vans
(Table 2).

Table 1. Number of Years Disabled

0 -2.5 years 12%
2.6 -5.5 years 24%
5.6 -10.5 years 37%
10+ years 27%

Table 2. Type of van

Ford 55%
GM 25%
Chrysler 15%
VW 2%
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Personal funds were used by 88% of the respondents
to pay for the majority of their van's cost (Table 3).
Over 60% of the respondents used personal funds to
pay for the majority of the adaptive equipment costs.
The Vocational Rehabilitation department was named
by 22 % as paying the majority of the equipment costs
(Table 4).

Consumers listed problems with their adaptive
equipment over the previous 12 months (Table 5).
Access and exit equipment had the greatest incidence
of problems. Forty -four percent of the respondents
with lifts reported a problem as did 2 of the 6
respondents with ramps.

Consumers were asked to estimate the repair costs to
their adaptive equipment over the pervious year. A
majority of the repair costs (61 %) were less than
$100 and took 1 day or less (59%) to complete
repair. Adaptive equipment repairs were most often
paid for by personal funds (83%) (Table 6). Repair
work was mostly done by the consumer or their
family /friends (36 %), followed by the equipment
installer (34 %) or a service station (20 %) (Table 7).

Of the individuals who ride as a passenger while
seated in their wheelchair, 83% utilized a tie -down
and 56% used an occupant restraint. Wheelchair tie -
downs were used by 86% of those who drive from
their wheelchairs, and 54% of these respondents use
occupant restraints.

Adaptive equipment satisfaction was determined by
analyzing responses to questions concerning
durability, safety, and difficulty in using equipment,
and whether respondents reported problems with the
equipment. Equipment satisfaction is listed in Table
8.

Table 3. Who paid the  majority of  the van's  cost?

Personal funds 88%
Service club /church 5%
Other 7%

Table 4 . Who paid the majority of  ada ptive
equipment costs?

Personal funds 62%
Voc Rehab Dept 22%
Insurance 9%
Service club /church 4%
Other 3%

Table 5. Problems  in the Last 12 Months
# of % With

FFauipmen Res ndents Problem

Lift 46 44
Hand Controls 65 9
Ramp 6 33
Steering Equip 65 9
W/C Tie -down 74 13
Interior control 65 15
Drop pan 4 25

Table 6. Repairs Paid For

Personal funds 84%
Insurance 6%
Vocational Rehabilitation 5%
Warranty 4%
Other 2%

Table 7 . Repairs  Adaptive  Equipment

Self, family, friends 36%
Equipment installer 34%
Service station 20%
Rehabilitation facility 6%
Other 5%

Table 8. Equipment Satisf action

# of Percent
ui ment Respondent Satisfied

hand controls 57 86
dr occ restr 7 86
steer equip 44 84
lift 119 83
pass occ restr 45 80
pass tiedown 57 72
dr tiedown 12 50

ramp 6 50

DISCUSSION

This survey was limited to spinal cord - injured
individuals in the state of Virginia. Therefore, the
results reflect personal transportation in this state and
do not necessarily generalize to other states. Certain
issues like funding and equipment are greatly
influenced by agencies, driver evaluation programs,
and vendors in the state. A similar survey has been
administered in Arkansas, whose results will allow
comparison between two states in different regions of
the country.

Most of the consumers (98 %) had driven prior to
their injury, but yet only 52% drive following an
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injury. Why is it that these individuals do not return
to independent driving? Is it a funding issue, a safety
issue, a physical ability  issue, or due to a lack of
desire? One possible answer to these questions can
be found in Tables 3 and 4. In the state of Virginia,
personal finances are the largest funding source for
both vans and adaptive equipment, and therefore,
available funding probably hinders some consumers
from returning to independent driving.

In Virginia, the Vocational Rehabilitation Department
typically funds only adaptive equipment, but still was
the primary payment source for only 22% of the
respondents. We cannot determine how many of
these SCI respondents qualified for VR services, but
given the adult group sampled, more coverage by
other services or agencies was expected. As the data
indicate, personal transportation in Virginia depends
heavily on personal finances.

The incidence of problems with adaptive equipment
varied depending on the type of equipment (Table 5).
Regardless of the problem, most of the repair costs
were minor, generally costing less than $100 and
taking a day or less to repair.

Because most equipment problems were minor, they
seemed to have little effect on the opinion that users
have of the equipment. For example, 44% of the
respondents with lifts reported having a problem, yet
83% of them are satisfied with the equipment. The
lowest percentage of satisfied users was for driver
tie -downs and ramps. Only 50% of the respective
users of this equipment were satisfied, but these two
types of equipment had fewer users which might have
skewed the results.

Over 80% of van passengers and drivers report
utilizing wheelchair tie - downs, but only about 50% of
respondents seated in wheelchairs use occupant
restraints. The use of tie -downs is encouraging, but
lack of occupant restraint use is clearly an issue that
must be addressed. Adequate design of occupant

restraints for persons seated in wheelchairs is
difficult, given the different designs of wheelchairs
and the functional abilities of wheelchair users. Most
of the drivers and passengers who use occupant
restraints seemed satisfied (Table 8), but anecdotal
evidence suggests that an improved design would
allow more individuals to use occupant restraints
independently.

Most van drivers transfer from their wheelchairs into
the original OEM captain's chairs. Individuals are
encouraged to transfer to the original seat in the
vehicle because it has been tested by the
manufacturer to sustain forces generated while
driving and in the event of a collision.
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ASSESSMENT OF TRANSPORTATION TECHNOLOGY:
SURVEY OF DRIVER EVALUATORS

Stephen H. Sprigle, Belinda O. Morris, Patricia E. Karg
Transportation Rehabilitation Engineering Center

University of Virginia
U.S.A.

ABSTRACT

A survey was sent to 403 driver evaluators and
trainers throughout the United States, and 138
responses (35%) were received from 44 states. Most
of the respondents were experienced evaluators; 62%
were occupational therapists. They were asked to
report on methodologies, equipment, and criteria used
when accessing an individual's ability to drive.
Measurement of specific driving characteristics was
reported as being more important than measuring non-
specific physical characteristics, yet only 50% of
evaluators measure all of the defined driving
characteristics. Most characteristics are measured
through observation or a functional test rather than
using equipment. The overwhelming majority of
evaluators use subjective criteria or no criteria when
analyzing the results of a test. Despite, these results,
66% of evaluators report being satisfied with their
current evaluation equipment.

INTRODUCTION

For many individuals with disabilities, the
rehabilitation process includes an evaluation to
determine driving potential with the use of assistive
equipment. This process usually begins with a driving
evaluation designed to predict the ability of a person
to safely operate a motor vehicle. Driver evaluation
programs across the United States are becoming more
prevalent, yet, at this time, are generally unregulated
and have no nationwide policy of quality assurance.
The methodologies used in driver evaluation and
training programs are not standardized, relying on
several factors, including the education and training
background of the evaluator, and available evaluation
and training equipment. Recently, a need and desire
to improve the quality and consistency of driver
evaluations has been expressed by professionals in the
field (1). In order to affect change in evaluation
procedures, the current practices and methodologies
used across the country must be determined.

OBJECTIVE

A survey of driving evaluators and instructors was
conducted to determine the methodologies, equipment,
and criteria utilized in determining the driving
potential for individuals with disabilities. The overall
objective was to collect information that could be used

20.2

to guide research efforts in developing improved
methods and /or equipment used in the evaluation of
disabled drivers.

METHODS

The target population for the evaluator survey was
every driver evaluator and trainer in the United
States. A list of potential respondents was compiled
from information disseminated by several groups,
including ADED, AOTA, RESNA, AAA, and the
GM Mobility Program. Each person was sent a
survey and a follow -up postcard and /or a telephone
call if no response was received.

Evaluators were asked to report on the physical and
driving characteristics measured during an evaluation
and the methods used to determine these
characteristics. The survey also included questions
concerning equipment use in training vehicles,
prescribed equipment, standards, and funding, but
these results will not be reported due to space
limitations. Cognitive and visual tests, while
important in driving, were determined to be beyond
the scope of this survey and were not included.

Physical characteristics were defined as non - specific
functional abilities which included, range of motion
(ROM), manual muscle strength, sensation, grip
strength, pinch strength, fine motor dexterity,and eye -
hand coordination. Driving characteristics were
defined as functional abilities specific to driving which
included gas force, brake force, steering force, brake
reaction time, and steering reaction time.

RESULTS

The survey was sent to 403 evaluators and trainers,
and 138 responses (35 %) were received from 44
states. Most respondents (60 %) had been performing
driver evaluations for more than 5 years. Most of the
respondents were occupational therapists (62 %), with
corrective therapists (17 %) and evaluators with an
education degree (18 %) accounting for the most of the
rest. Evaluators generally worked at a medical facility
(80 %), rather than a educational facility (5 %) or a
dedicated driving program (6 %). The driving
programs where the respondents worked varied in
size, but 87 % had at least on car and 43 % had at least
one van. Incidently, most cars were from GM (76%)
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and were less than 5 years old, and most vans were
from Ford (87 %) and were more than 5 years old.

The perceived importance of each driving and physical
characteristic is listed in Table 1. As stated
previously, evaluators were asked to rank each
between 1 (not important) and 5 (essential). The
percentage of respondents who measured each
characteristic is also listed. Driving characteristics
were perceived as more important than the physical
characteristics, yet a lower percentage of evaluators
measure driving characteristics. Generally,
respondents who measure a characteristic ranked it as
more important than those who did not measure that
characteristic. Respondents were grouped according
to their background as therapy, education, and other.
Only the perceived importance of brake force and
manual muscle strength differed significantly
according to the evaluators' backgrounds.

The methods used to measure driving and physical
characteristics varied greatly. Many were determined
through observation or via functional tests; evaluation
procedures exhibited little consistency across
respondents. The most common measurement
technique reported by respondents who measured each
physical characteristic involved equipment or a
standard evaluation procedure (Table 2). Driving
characteristics were most commonly determined by
observing the task while in an evaluation vehicle,
except brake reaction time which was most often
measured using commercially - available equipment
(Table 3).

TABLE 1. Perceived Importance
Avg % of

Characteristics Score Respondents
br react time 4.55* 89.9
st react time 4.51* 56.5
brake force 3.66* + 50.7
steering force 3.51* 57.2
gas force 3.44* 51.4
ROM 3.27 95.7
sensation 3.23* 78.3
man musc strength 3.17 *+ 94.9
eye -hand coord 2.90* 78.3
fine motor coord 2.79 65.9
grip strength 2.68* 87.7
pinch strength 1.61* 64.5

* scores of measure vs. do not measure groups were
significantly different at p<.05

+ scores differed significantly by background of
respondent (p<.05)

The respondents reported on the criteria or norms used
to judge an individual's driving characteristics. Most
respondents used subjective criteria or no criteria
when analyzing the results of their evaluation. The
prevalence of criteria is included in Table 4, as is the
percentage of respondents who used equipment to
measure the particular characteristic rather than an
observational or functional test.

When asked if their evaluation equipment was
adequate, 66% of the respondents answered 'yes'.

TABLE 2. Physical Characteristic: Most Common
Measurement Method

Most Common Method
Characteristic (% Respondents)
ROM goniometer (55 %)
man musc strgth man musc test (55%)
sensation position sense (60 %)
grip strength dynamometer (62 %)
pinch strength pinch meter (54 %)
fine motor dext functional test (27 %)
eye -hand coord observation (27 %)

TABLE 3. Driver Characteristics: Most Common
Measurement Method

Most Common Method
Characteristic (% Respondents)
gas force in vehicle (17 %)
brake force in vehicle (20 %)
steer. force in vehicle (58 %)
br react time Porto - clinic (44 %)
st react time in vehicle (55 %)

DISCUSSION

Results of this survey are useful in defining current
evaluation procedures and equipment. Analysis of
these results illustrates the lack of a standard
methodology in determining driving capability, and
may identify some areas where further research and
development are needed.

All the physical characteristics were rated lower in
importance than the driving characteristics, yet a
higher percentage of respondents measure physical
characteristics. This may occur because physical
characteristics can be measured with simple,
inexpensive equipment or by techniques commonly
used by therapists.
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Respondents who measured a  particular characteris tic
tended to ra te  i ts  importance higher than respondents
who did not measure  that characteristic. This  result
seems to demons tra te the lack of standardized
evaluation procedures, and even the lack of a
consensus on the importance of particular

measurements.

Analysis of the responses after dividing the evaluators
into three groups according to their educational
background (therapy, education, and other) did not
produce many s ignificant results . Only brake force
and manual muscle strength was judged differently
across  the groups . This  result can be interpreted in
several ways including: the lack of evaluation
standardization crosses  a ll educational backgrounds,
and the  perceived importance of each measure is  due
to something other than an evaluator's education.

Surpris ingly, 66% of the respondents were satis fied
with their evaluation equipment, yet only about 50%
of them measure a ll of the  driving characteristics they
reported as important. One possible  explanation for
this may be that evaluators feel that the ability to drive
is  better determined in a vehicle  rather than by a
clinical test. However, the lack of inexpensive
clinical equipment that can mimic necessary driving
functions may deprive potential drivers  judged as
'unable  to drive' , of the opportunity to practice, tra in,
and improve before  entering a tra ining program.

Another area that seems lacking is the availabili ty and
use of established criteria to judge the driving
characteristic measures. Except for brake reaction
time, an overwhelming majority of evaluators  who
measure  driving characteris tics , use subjective  or no
criteria after performing the tes t. Research in this
area  may be warranted to identify equipment able  to
measure these characteristics and then determine a
re la tionship between tes t results and actual driving
ability.
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TA BLE 4. Criteria Used with Dr iving Characteristics

Measure % who use
equipment

commercial

company
criteria

in -house
criteria

subjective or
no criteria

gas  force 31% 6% 12% 82%

brake force 33% 6% 17% 77%

steering force 44% 4% 16% 80%

br react t ime 85% 73% 6% 21%

st react time 45% 1 26% 12% 1 62%
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2 0 . 3 ASSESSMENT OF TRANSPORTATION TECHNOLOGY:

SURVEY OF EQUIPMENT VENDORS
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ABSTRACT METHODS

A survey was sent to 370 equipment vendors and
vehicle modification companies throughout the  United
States , and 123 (34%) responses were  received from 36
states. Most vendors seemed satisfied with the
equipment prescriptions that they received from
evaluators. A majority of the respondents custom
fabricated or modified driving and safety equipment.
Lifts and external controls were reported to be the least
difficult to install, yet were the most common
equipment serviced by the respondents. This
information will be used to study adaptive driving
equipment and to develop equipment evaluations  and
vehicle modification procedures.

INTRODUCTION

In order to drive safely, an individual with a disability
often requires  adaptive driving equipment.  Equipment
vendors  and vehicle modifiers  become involved in the
process of appropria te equipment acquisition and play
an import ant role in ensuring consumer safety. The
knowledge and experience of these  vendors, as  well as
the methods  used to modify vehicles are  important to
the study of personal transportation. A few states
regulate vehicle modifications and equipment installation
through inspection, but generally, this aspect of
assistive technology remains unregulated. The National

.Mobility Equipment Dealers Association (NMEDA) has
recognized the need for certification of vendors  and has
been developing a certification process for its members.
The Society of Automobile Engineers (SAE) is
addressing the issue of quality assurance by developing
recommended practices on vehicle modifications , hand
controls , powered controls , l ifts , and tie  downs  and
occupant restra ints. These endeavors are being
developed to increase the safety of personal
transporta tion for persons with disabili ties.

OBJECTIVE

A survey of adaptive driving equipment vendors  was
conducted to collect information on equipment,
ins talla tion, servicing, and funding issues.  The overall
objective  was to identify modification and equipment
practices and equipment issues that would be useful in
the development of s tandards and the des ign of optimal
equipment and systems.

The target population was  every vendor in the  United
States. A list  of potential respondents  was compiled
from information disseminated by several groups
including NMEDA, ADED, AAA, RESNA, SAE, and
the GM Mobility Program. Each person was sent a
survey and a follow -up postcard and /or telephone call
if no response was received.

Vendors were asked to report on the types of equipment
they install and service, structural modifications
performed, equipment prescriptions, and funding
sources that pay for their services. The survey focused
on many types of equipment, including ra ised roofs ,
lifts , dropped floors, drop pans, six -way power seats,
hand controls, power controls, occupant restraints, and
tie downs.

RESULTS

Surveys were sent to 370 vendors , and 123 responses
(34 %) were received from 36 states. Two - thirds. of the
respondents were members of a t least one national
organization (Table 1). The majority of respondents
were full- service vendors who performed all of the
work necessary for a  van modification, ra ther than
contracting out the  work, or referring the  cus tomer
elsewhere (Table 2). Twenty-five percent of  the
vendors reported doing driver evaluations themselves.

Table 1. Membership in National Organizations

Organization % of respondents
NMEDA 52
ADED 25
RESNA 10
Not a member of
an organization 34

Table  2. Type of Work Done

Tvne Percent of respondents
lift installation 96
electric wiring 95
1 & 2 controls 90
welding 86
raised roof 82
drop floor 80
convers ion van 65
zero /reduced effort controls 60
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About one half of the vendors felt appropriate
equipment was prescribed for their customers (Table 3),
and only 5% reported changing prescriptions regularly
(Table 4).

Vendors were asked to estimate how often they
fabricated equipment or modified commercially -
available equipment for their customers (Tables 5 and
6). Console and secondary controls were the most
commonly fabricated or modified by the respondents.

Installation of lifts, raised roofs, and external lift
controls were  the least difficult installations according
to the  respondents  (Table 7). Lifts , external controls
and six way power seats were identified as the
equipment requiring most frequent service  (Table 8).

Vendors reported on the funding sources that purchased
vehicles and equipment for their consumers (Table  9).
The Veterans Administration (VA) was named by 90%
of the  respondents  as  a  purchaser of both vans  and
equipment. Sta te agencies purchase  equipment (90 %)
more often than vehicles (45 %). Insurance and
Workman's  Compensation programs were also named
as common sources of funding. Blue Cross /Blue Shield
and Medicare /Medicaid were rarely named as funding
agencies, being mentioned by about 10% of the
respondents. Over 50% of the respondents
acknowledged that the funding source influenced their
price estimates.

Table  3. Is the equipment prescribed appropr iate to
the customer?

Always 48%
Sometimes 52%
never 0%

Table 4. How often do you change prescriptions?

% of the time % of respondents
0-25% 62%
26-50% 33%
51 -100% 5%

Table 5. Custom Fabrication Equipment

% of the time
Custom Made Equip 1-50% 51-100% never
lap belts 34 10 56
shoulder belts 36 14 51
console controls 46 30 24
2° controls 46 28 25
steering devices 33 7 60
door controls 32 18 50
lift controls 36 14 50

DISCUSSION

The results of this  survey provide a useful ins ight into
the current business ofvehicle modifications. Given that
this is a growing indus try largely unregulated, analysis
of the results gives rise to interes ting conclusions.

Despite being in existence only 2 years, NMEDA seems
to be  a ttracting a large percentage of vendors.  About
half of the respondents were members of this
organization, but, of course, there is no way of
determining the  memberships of the  247 vendors  who
did not respond to the survey.

Table 6. Modification of Commercial Equipment

% of the time
Mod. to Equip 1-50% 51-100% never
lap belts 51 6 43
shoulder belts 51 12 37
console controls 56 18 25
2 controls 61 13 25
steering devices 46 5 48
door controls 49 10 40
lift controls 54 9 35

Table 7. Difficult Installation (least difficult)

Equipment Often Sometimes Never
lifts 0 23 77
raised roofs 1 18 81
ext controls 2 22 76

Table 8. Equipment Serviced the Most (top 3)

Equipmen Often Sometimes Never
lifts 26 71 3
ext controls 12 80 8
6 -way seats 8 83 9

Table 9. Funding Vehicle and Equipment Purchase
% of respondents

Funding
p ource Vehicles Equipment

VA 91 90
State agency 45 93
Insurance 45 61
Workman's  Comp 38 76
Blue Cross /BS 5 8
Medicare /Medicaid 3 11

Table 10. Does f unding source influence price
estimates

% of respondents
Al ays Sometimes Never
11% 44% 45%
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Vendors seem to be equipped to handle the most
common van modifications. Over 80 % of them reported
that their companies can install lifts, rewire the
controls , ra ise roofs and drop floors. Installa tion of the
highly advanced zero /reduced effort power controls was
not a ttempted by as  many vendors , as only 60% of the
respondents reported performing this ins tallation.

Vendors  seem generally pleased with the equipment
prescriptions  that they are given by driver evaluators.
They reported that the equipment prescribed was always
or sometimes appropriate for the customer and only 5%
reported changing the  prescription over 50% of the
time.

The varied functional abilities of the consumer is
reflected by the amount of cus tom fabrication and
modification of equipment done by vendors. About one-
half of the  respondents  s til l  find the  need to cus tom
make occupant restra ints and about 60% of them report
making modifications to this equipment.

The apparent frequency of cus tomizing and modifying
occupant restra ints seems to identify a need for better
des ign or a t leas t, des ign criteria for this important
safety equipment. Vendors are put in a difficult
situation s ince the  original equipment manufacturers '
(OEM) restra int sys tems  are  not designed for use  by
someone driving from a wheelchair. Nonetheless,
occupant restraints must be built to withstand high loads
and mus t fit  properly around the  body to be  effective,
and custom fabrication or modification of these systems
may compromise their usefulness in crash situations.

Lifts, external controls , and raised roofs were  reported
to be the leas t difficult to insta ll, yet lifts  and external
controls were  named as the equipment that required the
most service . Frequent servicing of these two devices,
in addition to six-way power seats, may s ignal a need
for a maintenance schedule to avoid problems or
possibly, the des ign of this equipment should be
reevaluated in terms of durability.

Funding has  historically been and continues  to be an
important is sue to everyone involved in rehabilita tion.
The cos ts  associated with purchas ing, modifying, and
equipping a van for a  driver with a  disabili ty can be
quite high, often exceeding $20,000. This survey
collected information from the people who often must
deal with an equipment prescription from an evaluator,
a funding agency, and of course, the  consumer.

The vendors were  asked to lis t  agencies that provide
funding for vehicles  and equipment. The VA seems to
be the most consistent source of funding for the
respondents , as  over 90% of them reported the VA as
funding both vehicles and equipment. Of course, the
VA only covers a small portion of citizens, so

consumers often must receive support from other
organizations. Sta te agencies  were also named by 90%
of the respondents as purchasing equipment, but a lower
percentage (61 %) reported that states paid for vehicles.
Insurance, both private and state - supplied, and
Workman's  Compensation programs also fund a  fa ir
amount of transportation equipment. Insurance was
named by 45 % of the respondents  as funding vehicles,
and by 61 % as purchasing adaptive equipment.
Similarly, 38% of the vendors listed Workman's Comp
as a purchaser of vehicles, and a slightly higher
percentage (76%) mentioned it as a source for adaptive
equipment funding. Blue Cross /Blue Shield and
Medicare /Medicaid were mentioned by 10% or less of
the respondents as  funding sources. These percentages
in no way reflect the  portion of consumers  that are
funded by each agency; they simply reflect the
percentage of respondents which named these agencies
as funding vehicles and /or adaptive equipment.

Over 50% of the  respondents acknowledged that the
funding source always or sometimes influences their
price estimates. A bidding process, often employed by
funding agencies, is  used to minimize the costs of
equipment and vehicle modifications. Research is
needed to determine whether the quality of the
equipment or modification is compromised when a
vendor consciously alters a bid according to the source
of funding, and whether the  bidding process rewards
vendors who cut costs by cutting quality. Hopefully, the
development of equipment and modifications will better
ensure the quality and safety of modified vans.

In conclusion, this survey provides an interesting
examination of the  practices and opinions of equipment
vendors. The results should prove useful for those
studying the  field of personal transportation, and may
be applied when evaluating equipment and developing
industry-wide standards.
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PERFORMANCE TESTING OF WHEELCHAIR LIFTS FOR PERSONAL LICENSED VEHICLES

J.G. Thacker, Ph.D. and F. L.  Cardoso, B.S.
Univers ity of Virginia Rehabilitation Engineering Center

Charlottesville, Virginia USA

Introduction

The Univers ity of Virginia  Rehabilita tion
Engineering Center for Personal Licensed Transpor-
ta ti on fo r Di sa b le d Pe r so ns  was  es ta bl i shed  t o
provide improved technology with potentia l to
provide benefit  to more than 250,000 Americans
who  wo u l d b e  b e s t  s e rv e d  wit h v a ns  fo r  t he i r
personal transportation needs. To this  end a  list  of
absolute  priorities  was  published in the  April  25,
1989 issue of the Federal Regisler. The firs t  prior-
ity was to evaluate and tes t exis ting vehicle  modifi-
cat ion d evi ces  a nd equ ip ment. These te s ts  and
evaluations  will  be  cons is tent with any s tandards
and / or s peci fica tions  of exis ting DOT  and  SAE
Standards  for adaptive devices . The SAE has  for
the pas t several years  es tablished committees to set
standards  on these  vehicle modification devices and
equipment for the  phys ically challenged. The SAE
Adaptive Devices Subcommittee has  developed a
new s ta nda rd for the  pe rformance of whee lchair
lifts  that are  used with personally licensed vans .
This  SAE Sub committee  r eques ted he lp from the
Univers ity of  Virginia  to  a id the  committee 's  ef-
forts in the  e v a lu a ti o n phas e of  t he  s ta nd ard_
Univers ity of Virginia  Transporta tion Rehabilita-
tion Engineering Center agreed to evaluate the  SAE
Recommended Test Procedure  and Recommended
Practice  draft documents entit led Wheelchair Lifting
Device  f or  Entry  and Exit  f rom a Personally  Li-
censed Vehicle, October 6, 1990.

This  proposed tes t procedure  is  for Qualification
Tes ting of e lect rically powered hydraulic  or me-
chanically operated devices  which permit a  person
in a manual or powered wheelchair to enter or exit
a personally licensed vehicle . The tes t procedure
es tablishes  minimum tes t requirements  for compli-
ance. A li ft  c ompl et ing the  te s t  s er ie s  wi thou t
fa ilure  under this procedure  is  considered in com-
pliance.

The tes t procedure  cons is ts  of four series of tes ts
which include receiving inspection tes ts , visual
inspection of the  ins ta lled lift  tes ts , specification
tests and a series of stress tests.
Methods

Initia l  dimens ional measurements (Table 1) were
made of several different vans at local dealerships
in the  area  (Ford, GM and Dodge) to se t the  bas ic
dimens ional specifications for the  test device. The
clearance dimens ions  for the  table  are: width 54 ",
height 60 ", height from ground 42 ". The te s t ing
table  was  des igned to sustain a load of 3,000 lbt at
a distance approximately 21 inches  from the front
edge. The ta bl e  is  mad e up  o f thre e  pa rt s : the
base , the  legs  and  re inforc ement angles , and the

20 . 4

table  top, (Figures 1 and 2). The base consists  of a
s teel sheet, 5 f t .  by 6  ft , by 1/4 in. The legs  are
ma de  o f s te el  a ngl e  and are bolted  to su pports
we l de d  t o  t he  b as e . The  t a b le  to p  is  0. 2 4 in.
aluminum and is  bolted to the  deck supports  which
are  co nnect ed  to  the  legs . The t es t s tru cture  is
equipped with a  horizontal s teel beam located 54
inc he s  ab o v e t he  f ront  ed ge o f  t he  p l a tfo rm t o
provide an anchor point for the  top of the  lifts .

No attempt was  made in the  des ign to s imulate  the
di me ns i o na l c o ns t r a i nt s  o f  a  t yp i c a l  v a n door
assembly other  tha n the  hei ght. The pla tform is
also rigid and does  not simulate the e lastic deforma-
tio n o f a  ty pic al vehic l e ' s  s hee t meta l s tru ctu re
mounted on a soft suspension sys tem.

A loading mechanism was des igned that will a llow
a ri gid hori zont al b eam to be pla ce d a bov e t he
raised (van floor height) lift pla tform and be pos i-
tioned so that a hy drau li c  r am c an p rov id e the
2,400 lb downward s ta tic  load on the center of the
pla tform for the Static Ultimate Load Tes t, (figure
3). Ricon Inc.  was  generous  enough to do nate  a
footpla te  and the hydraulic  ram that conformed to
the  Recommended Tes t Procedure  5.3. The p res -
sure  in the  ram is  monit ored by a  press ure  gage.
The force is calculated by multiplying the  pressure
by the  ar ea  o f the  hyd ra ul ic  p is to n. The Sta tic
Proof Load Tes t and Accelera ted Life Cycle Tes t
loads  are  developed by dead weights  loaded onto
the lift  platform.

The  c ontro ls  a nd ins t rument at io n a re  shown i n
Figure 4. A 12 volt 125 ampere D.C.  power supply
provides  the  power to drive  the  lifts . The power
supply is connected to 240 volt AC  t wo phase
power. A 200 amp 50 my shunt p laced in series
with the  +12 VDC power supply output is connect-
ed to a  s trip chart recorder which will  record the
ti me  hi s t o ry  c u r r e nt  d ema nd s  o f  t he  ma i n l i f t
motor.
Four SPDT elect rical mechanical relays o n t he
computer re lay board are  connected in paralle l  to
the  fold, unfold, up and down momentary switches
on the pendants  supplied with the  lifts. If pendants
were not supplied then the  relays were wired to the
switches  directly on the  lift . No other changes  in
the e lectrical circuits  are  made to the lift controls.

Sens i ng of  t he  li ft  po s i ti on wa s  usu al ly  ac co m-
plished by monitoring the  voltage on the  two con-
trol wires to the two main motor re lays . When the
control logic  of the  lift  did not automatically de-
energize the main motor relays, l imit switches were
temporarily ins talled at selected positions on the  lift
to provide appropria te logic s ignals  to the  computer
data acquisition board.
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Software  programs have been written in BASIC to
sequence the  typical l ift  through the  unfold -down-
up -fold cycle for the accelera ted life  cycle  tes t by
acti vat ing the  c orr ect  re lay aft er the  ap pro pri a te
control s ignals have been received.

The duty  cyc le  for the  lift s  wa s  not s peci fied  by
the manu fa c tu rer s ; howe ve r , a ma ximu m mot o r
ho us ing te mp erat ure  wa s  sp ec if ie d by  s ome. A
thermocouple  was  mounted on the  electric motor to
mo ni t o r  t he mo t o r  ho u s i ng t e mp e ra t u re . The
software monitored this s ignal and placed the  lift  in
a  controlled wait s ta te  t o a llow the  motor t o cool
d o wn if the mot or te mp e ra t u re exc eed ed the
manufacturers'  specification. The recommended six
du ty  cy c le  de l ay  ti me was  mo ni t ore d a nd  if  the
motor did not cool down below the manufacturers '
specif ied te mpera ture  r a ting the  l ift  cy cle  te s ting
was stopped.

Five lifts  have been identified by the  SAE commit-
tee  a nd UVA TREC to  be  used in the  ev aluat ion,
four platform lifts  and one rotary lift  which repre-
se nt  a  s i gni f i ca nt  sp e c t ru m o f t he ty pe s  of  l if t
designs. The pla tform lifts  include track and paral-
le l o gra m l if t i ng f r a me s  d ri v e n b y  b ot h hyd ra u -
lic /electric and electromechanical devices. Four of
the  lifts  were donated and one was purchased.

The ev aluati on cons is ts  of a  number of rec eiving
inspection tes ts , visual inspection of ins ta lled lift
tes ts, specification tests and a 'series of stress tests.
The receiving inspection tes ts include checking for
documentation, placard placement and flammability
doc umenta ti on based on FMVSS no. 302. The
visual inspec tion of the  i ns ta lled lift  includes  in-
sp e c t i o n o f  e l e ct r i c a l  co mp o ne nt s ,  c ha in d r i v e
components , hydraulic  components , power screw
components, fas teners, and controls . Also included
are  prel iminary we ld me nt  i ns pe ct io ns , oc cu pa nt
hazard tes t and a  s lip res is tance tes t. In addition
dimens ional measurements , inspection for single
po i nt  f a i l ure  po i nt s ,  e l ec t r ic a l ha za rds ,  c i r cu i t
breaker, load dis tribution, vandal protection, wire
rope tes t s  and ma inta inab ility ins pections  are  re-
qui re d. The spec ifi cati on t es t s  includ e: cont rol
switc h tes ts , water  spra y te s ts , e lect rica l cur rent
tests, pl a t fo rm a ngle  t es ts , finish coati ng te s ts ,
maximum accelera tion tes ts , maximum s lope tes ts ,
pla tform openings , wheelchair reta ining tes ts  and a
t hre s h o l d  wa rni ng tes t. Te s t s  fo r  t he ma nu al
backup system are also included.

The s tr ess  te s ts  include an acce lera te d life  cycle
tes t, a  s ta tic  pro of load tes t and a  s ta tic  ultimate
lo ad  t e s t  a dmi ni s t e re d in the  o rd er  l i s t ed . The
accelera ted life cycle tes t cons ists  of 4,400 loaded
and unlo ad ed cycles with the load bei ng 600
pou nd s . The s ta t ic  pro of  lo a d t es t  c o ns i s t s  o f
loading the  lift to 1.5 times the  ra ted load and then
cycling 10 times  with a  600 pound load. The s tatic
ultimate load tes t consis ts  of a  2,400 pound load
applied for two minutes .

Discussion

This  proposed s tandard is  very s tringent and will
require most of the manufacturers to redes ign some
of the  mechanical components  of their l ifts . Most
will  need to add a  threshold warning system (audi-
ble) which warns a  user ins ide  the  vehicle  that the
lift  is  deployed as  they approach the  door to pre-
vent accidental rolling of the  wheelchair out of the
door o nto t he  ground. Some will  ne ed to add an
automatically operating device  a t the  ground -to-
pla tform entry /exit  area , the purpose of which is to
prevent the  wheelchair and occupant from rolling
off the  lift .

While  mos t l ifts  manufactured today will  not pass
all  aspects  of the  standard, most conform to a  sig-
nificant number of the  specifications. It  is expect-
ed that the  standard will  increase  the performance
and safety le vels  o f a ll  l ifts  manufac tured in the
future.
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KINEMATICS OF THE WHEELCHAIR SEATED BODY IN CRASH SIMULATION

Thomas Adams, Brian Sauer, Steven I. Reger
Department of Biomedical Engineering & Applied Therapeutics

The Cleveland Clinic, Cleveland, Ohio, USA

INTRODUCTION

The use of the public transportation systems by
the nearly 1.2 million wheelchair users is
restricted by the lack of an easily applied universal
wheelchair and user securement system. As part
of the project ACTION program, funded by the
Urban Mass Transportation Administration,
experiments have been carried out to develop safe,
user - friendly and acceptable securement systems
for wheelchair users on vehicles of public
transportation. This paper will describe the
kinematics of a seated body in a wheelchair during
crash simulation tests. The results were obtained
by a rapid method of body motion analysis using
high speed cinematography taken during crash
simulation tests using various restraints on
wheelchairs and a seated, instrumented
anthropomorphic dummy. The objective of the
analysis was to quantitate body movements and
relate displacements during phases of the crash
event to the measured kinematics of the simulation
tests.

METHODS

Proper use of lap and shoulder belts is critical to
protecting travelers in automobile seats during a
crash. A similar level of crash protection is
needed for wheelchair passengers in vehicles of
public transportation. There are fundamental
differences between the mechanics of securing
passengers seated in wheelchairs and automobile
seats. A wheelchair is a flexible, mobile seat that
is significantly higher than the automobile seat.
These and other characteristics need to be
considered in the design of restraints and crash
simulation experiments.

A Hyge Impact Simulator (1) was used to evaluate
both commercially available wheelchair tie -down
systems and new concepts developed in the
project. The results of these crash simulations
were used to characterize the response of the test
dummy. The independent variables were the
wheelchair type, wheelchair restraints, use of

shoulder belts, lap belt anchor points, and the
magnitude of the impact

Five views of high -speed (1000 frames/sec) films
were taken to record displacements during the
crash event. Data was also collected from on-
board instrumentation to measure wheelchair and
dummy (Hybrid III 50th percentile male) response
as listed below in Table I.

TABLE

INSTRUMENTED DATA COLLECTION
DURING CRASH SIMULATIONS

Motion
Wheelchair acceleration (3 axes)
Dummy head acceleration (3 axes)
Dummy chest acceleration (3 axes)
Dummy hip acceleration (3 axes)
Dummy chest compression
Shoulder belt "pay -out"
Shoulder belt elongation
Lap belt elongation

Forces
Wheelchair to floor contact forces (3 axes)
Wheelchair restraint tension
Shoulder belt tension
Lap belt tension

RESULTS

There was a consistent sequence of events that
characterized the response of a wheelchair seated
body during a simulated crash. (See Figure 1) The
sequence could be applied to describe the
dummy's response when seated in manual
wheelchairs, powered wheelchairs and three
wheeled scooters during 10 g and 20 g crashes. In
all tests, the simulated impact was a half period
sine wave acceleration with a duration of 100
msec. The dummy was tightly restrained by a lap
belt and the wheelchair was secured to the accel-
eration platform. Representative data collected
from the motion pictures and instruments on the
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Kinema tics  i n Cras h Simu lation

Wheelchair:

Scoo ter:

6 f : t � � L I M L

Ini t ial End o f End o f End o f End o f
Posi t ion Li near Fo rward Rebound Extended

Trans la ti on Ro ta t io n Rebound

Fi gu re  1 . Kinematics  of a  seated body in a  res tra ined wheelchair during a  s imulated

vehicle crash. Lap and shoulder belts are  applied

du mmy and acceleration platform are  shown in angles  remaining rela tively cons tant. This  phase
Table II for two wheelchair types. is  highly cons istent in a ll tests . The end of this

phase is  defined by the maximum forwa rd  hip
Phases of Body Movement Dur ing Cras h motion (see Figure 2).
Simul ation

The body motion was divided into four phases , the
end of each was defined by the movements  of the
hip, neck, back and head.

Phase I - Line ar Trans la tion
During the  firs t  80 to 100 msec after impact, the
dummy moves  forward 8 t o 11 inches  with joint

Phase H - F orward Rot ation
As the hip motion reverses, the trunk, head, thighs
and shins rotate forward. This is when the
maximum forward displacement of the head, ches t
and legs occur. An effective shoulder belt  signifi-
cantly limits  forward ches t motion (see Figure 3)
and reduces the duration of this phase. An
inclined foot support, such as  that used on three

T A BLE II

PEA K D A T A  VA LUES  C HA RA C T ERIZIN G  DUMMY  KIN EMA T IC S

Scooter Po we r  C hai r
Shoulder Belt No Shoulder Belt Shoulder Belt

2 0 g 1 0 g 2 0 g

Hip Motion (in. ) 11.2 11.4 8.7
Ches t Motion (in.) 18.3 25.6 19.3
Head Motion (in. ) 23.5 26.5 21.7
Hip Flexion (deg.) 108 135 115
Neck Flexion (deg. ) 91 66 101
Hip Acceleration (g's) 45 19 51
Head Accelera tion (g's) 66 35 83
Ankle  Height 5.0 9.7 42.2
Head Injury Criteria 837 57 1311
Ches t Clip 37 24 36
Duration of Phase  I (msec) 100 110 80
Duration of Phase II (msec) 20 100 50
Duration of Phase III (msec) 120 230 130
Duration of Phase IV (msec) 140 190 50
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Ph . . .  I Phase II Ph —  III Phase IV

v Hip Neck n

°

n me  a f t e r  Imp - -

Figure  2. Body segment displacements in
four phases of crash s imulations

wheeled scooters , res ists  rota tion of the  legs  and
prevents  excess ive  leg rise . Peak head and ches t
accelerations , major contributors to serious  injury,
occur during this phase. Phase II ends with
maximum neck flexion (see  Figure  2) and las ts 80
to 120 msec without a  shoulder belt  and 20 to 50
msee with a shoulder belt.

No Sho ulder Be lt Shoulder Be lt

Figure 3. Effe ct o f a shoulder belt  in l imiting

forward chest motion

Phase III - Rebound
In this phase , the dummy  rebo unds toward the
initial  seated pos ition. The movements  are  much
slower during this  phase , and accelera tions are not
significant. Movement continues until the
dummy's  back contacts  the  wheelchair seat back.
The duration of this  phase is  inversely rela ted to
the  magnitude of the  crash, las ti ng about half as
long in a 20 g crash as in a 10 g crash (see
Figure 4).

U

3 0 0 ® 1 0 g
c E 2 5 0 —

El 2 0 g
o  2 0 0

15 0
0 10 0
W
0 50
.ca_ D

II III IV
Kinematic Phases

Figure 4. Phase duration in crash simulations
without shoulder belts.

Phase  IV - Ext ended Rebound
The rotational inertia  of the  dummy continues the
motion beyond contact with the seat. In s ome
instances, the  neck overextends in a whip -lash
motion. The phase ends when the head reaches  its
maximum rearward pos ition. This phase is
significantly longer when the  dummy is  seated in

a scooter.

Additional motion may occur beyond the  end of
Phase IV, but is  was  thought to be  less significant
and was not investigated.

CO NC LUS ION S

The kinematics of the  response of a seated body in
a wheelchair during a  s imulated crash have been
characterized in four phases . The body  mot ion
characteristics in each phase were generally
independent of wheelchair type, wheelchair
restraint characteristics and the magnitude of
impact force. The duration of the  phases  has been
shown to be  affe cted by use  of a  shoulder belt ,
wheelchair type and impact magnitude.

The rela tionship between the  phase  duration and
the risk of injury to the  wheelchair user is  being
investigated. The dummy's  motion described here
should be considered in the des ign of systems for
safely transporting people seated in wheelchairs.
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The Problem of Metaphor in Intelligent AAC
Systems

Mark Jones, Kathleen McCoy & Patrick Demasco
Applied Science and Engineering Laboratories

Alfred I. duPont Institute/University of Delaware
Wilmington, Delaware USA

Abstract

Intelligent AAC systems, which encode an under-
standing of language, cannot afford to ignore the
problem of metaphor. Here we discuss the nature and
promise of future AAC systems that handle some met-
aphorical statements. We describe the problems that
metaphor creates for such systems, as well as a special
class of metaphors called transparently- motivated
metaphors, which are particularly important. Finally,
we point to a possible solution to the problem.

Background

The majority of present AAC systems use numerous
techniques at the surface level of an expression to fa-
cilitate the communication of the user. More intelli-
gent AAC systems of the future will be able to take
advantage of an understanding of what meaning the
user intends to convey in order to facilitate the com-
munication of the user in ways that present systems
cannot.

These more intelligent AAC systems are distin-
guished by having a deeper understanding of the ex-
pression the user wishes to convey. They must have
some understanding of what is actually meant by the
input from the user and the language generated.

These systems will rely upon advances from the field
of Natural Language Processing (NLP). Techniques
from NLP can empower a computer system to under-
stand abbreviated input, track previous expressions,
recognize communicative goals, and disambiguate
expressions with the help of specified world knowl-
edge. The goal is to have a computer system that can
help a user communicate with insight similar to that of
a human aid.

Exam
Consider how one could understand, and perhaps re-
write in sentence -form, the ideas behind the abbrevi-
ated utterance "Buy 3000 Exxon." Several elements
come into play here. The context could tell us whether
this is a command or a question. Our knowledge that
(unlike buying a pizza) Exxon is a company that can
only be purchased in part, via stock, is important.
Knowing that stocks are bought with money is also
important. Finally, knowledge about the user's wealth
would indicate whether 3000 shares or dollars is in-
tended (if indeed it is a command to execute a pur-

21.1

chase). The equivalent sentence may be "Buy 3,000
dollars worth of Exxon stock."

Complementing existing technology
The advances represented by present surface -level
systems need not be replaced, but can be combined
with the benefits of more intelligent AAC systems;
they can work in tandem. For example, the Sentence
Compansion System (Demasco et al., 89, McCoy et
al., 90) is designed to work in tandem with word se-
lection and word prediction systems.

Statement of the Problem

The knowledge that more intelligent systems are
based upon must be specific (e.g., stocks are pur-
chased with money, hammers are tools, windows are
fragile) to be useful to a computer system.Therefore,
it may be necessary for a system to require that meta-
phorical expressions be excluded. Otherwise they will
be unable to behave adequately, and would fail their
task.

This may at first seem reasonable, if the user wants to
write poetry, the user should know that the more intel-
ligent system should be switched off. Unfortunately,
there is a class of metaphors that are not easily recog-
nized as metaphorical (Lakoff and Johnson 80). We
cannot expect the user to recognize the metaphorical
nature of such expressions. These types of expres-
sions are called transparently- motivated metaphors
(Jones and McCoy 1992).

Expressions such as "Put $3000 into Exxon stock."
occur quite often and, at first glance, may not appear
to be metaphorical. However, the speaker does not lit-
erally put money into the stock, but rather buys the
stock with the money.

ExaiWle
Consider how the system of the first example would
handle "Put 3000 Exxon." Here we. see where the tra-
ditional approach to encoding the knowledge breaks
down. The system would quickly become confused
because there is only one Exxon. Furthermore, Exxon
is hardly the type of object that can be put somewhere.
The highly structured knowledge may be quite power-
ful, but it is also very inflexible to metaphors, even
those which we use without a second thought.

Consider just a few more metaphorical expressions
that often pass without notice. "Savings and Loan bail
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out" and "Chrysler bail out," although salient at dif-
ferent points in recent history, appear to come from
the same conceptual roots. In literal terms, an entity is
in trouble, and is getting outside (government) help.
The term bail -out that is used to describe this situation
is hardly literal, and evokes the image of something
more concrete. Finally, many of us have heard the
progress of someone's career described in more con-
crete terms by saying something similar to, "it is mov-
ing ( slowly / forward / backward }."

It might be reasonable to expect the user to avoid giv-
ing the more intelligent AAC system a blatant meta-
phor, however the cognitive load associated with
recognizing transparently- motivated metaphors is un-
reasonable. We will need more robust solutions.

Approach

In order to approach a solution to this problem, it is
useful to consider why these metaphors are hard to
recognize and are such a part of our language environ-
ment.

Our understanding of the world influences the way we
express ourselves. Metaphorical expressions often re-
flect conceptual models which are the basis for how
we understand the world. Mark Johnson (Johnson 87)
has made some interesting observations about the
building blocks of thought, most notably that the
building blocks of thought are based closely to our
bodily experience. Among the building blocks he has
described are attraction, blockage, and containment.

This metaphor of "putting money into stock" is based
in the simplifying concepts that represent investments
as containers which can hold money. The metaphor of
the S &L bail-out is based on the much more concrete
situation of that of helping to bail out another's boat
before it sinks into the water. The example of "a ca-
reer moving slowly" suggests a background model in
which people can view progress in terms of a moving
vehicle.

When we write and talk we automatically use non -lit-
eral expressions that reflect our common conceptual
groundings. These lead to very natural and easily un-
derstood expressions because we (speaker and hearer)
share these common conceptual groundings. Because
they are grounded in the building blocks of our
thought, these metaphorical mechanisms and con-
cepts can operate in our minds without our conscious
knowledge of them doing so.

Our approach is to supply a more intelligent AAC sys-
tem with the necessary conceptual groundings to un-
derstand/generate these types of metaphors. Doing
this will allow a user to express ideas in a way that is
most natural. This addition will allow metaphoric ex-

pression in places where the system's knowledge
would previously allow only strictly literal state-
ments.

Metaphorical Domains
A metaphor maps between two domains. In the "put-
ting money into stock" example, the finance domain is
the tenor domain and the container domain is themet-
aphorical domain. Computationally, it is very useful
to limit the number of possible metaphorical domains.
Unfortunately a metaphor can potentially use any-
thing as a metaphorical domain. However, in the case
of transparently- motivated metaphors, we can be
more specific about what can qualify as a potential
metaphorical domain. We have recognized that they
must be universal, concrete, and have specialized lex-
ical expressions to clearly identify the domain (e.g.,
the expression put in identifies the container domain).

Metaphorical Domain Selection Rules
Recall that earlier we discussed how conceptual
groundings motivate transparently- motivated meta-
phors. The purpose of the metaphorical domain selec-
tion rules is to represent those concepts
computationally. We envision rules that will embody
the notion that "Stocks can be described as containers
for money." Other selection rules would include: "ar-
guments are often described in terms of war ", "argu-
merit structure can be described in terms of
buildings ", and "progress can be described in terms of
a vehicle moving toward a goal ".

Each of these selection rules must have associated
with it more specific mapping information. In the
stock example, we would need to specify that it is the
purchase price of the stock that is put into the stock.
We would like such information to be general enough
so it could also account for the meaning of "I moved
$3,000 from Exxon to a money market account."
Here, the concepts associated with put and take are
both found in the verb move.

Consider the rule stating that progress can be de-
scribed in terms of a moving vehicle. Included in (or
derived from) the information closely attached to this
rule should be the following:

Tenor Domain Metaphorical Domain

progress forward
negative progress backward
no progress still
unsatisfactory progress slow

Generating from More General Principe
We are excited about the potential for abstracting be-
yond the level of information presented above. Recall
the "career as moving object" example. Note that the
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moving object has some starting point, some goal and
some points on its path. With time involved, it also has

somespeed. It appears that with a sophisticated model
of this behavior in the metaphorical domain and rules
linking it to appropriate types of tenor domains, that
the above four mappings could be derived. Interest-
ingly, a more general structure matched with reason-
ing could yield other derived expressions. With the
knowledge that energy is required to move objects,
and given that a prototypical moving object is a car
that runs on gas, we could hope to handle "My career
is running out of gas" without an explicit rule for this
occurrence. As the level of the information that moti-
vates the metaphors reaches a higher level of abstrac-
tion, a greater degree of flexibility is anticipated.

Not all selection rules lie at the same level of abstrac-
tion. The selection rules, and their associated mapping
knowledge may need to be encoded hierarchically.
For example, the concept of possessions as containers
of their purchase price may be a more specific version
of the general concept that things are containers of
what goes into their existence (e.g, "1 put a lot of
(time, energy, love, money) into this relationship!").
Benefits

It would be undesirable for a more intelligent AAC
system to attempt to handle metaphorical expressions
without a model of metaphor. One might propose that
in order to handle metaphor all we need is to relax
some of the knowledge in the system. If nothing else
fits, doubt the knowledge in the system about the
words put Exxon and 3000. Then, even though the
system knows better, it can forget that restrictive
knowledge and allow 3000 to be put into Exxon, with-
out a sophisticated model of metaphor.

Unfortunately, this naive approach cannot work satis-
factorily. First, if we merely relax, or doubt the knowl-
edge in the system, we have little or no idea what the
words mean. Such ambiguity would then cause such a
system to merely try a great number of combinations.
It would generate all kinds of expressions, perhaps:
"Exxon has been put on top of 3000 ", "Put 3000 Exx-
ons" and "Exxon has put 3000." Note that these exam-
ples occur while still assuming that the verb put is still
the same, that only the properties of the other words
are in flux. If the verb were also relaxed, even stranger
constructions would be expected.

Second, the power of such AAC systems comes not
only from their static knowledge about the world, but
also from the dynamic knowledge that comes from
tracking the discourse by understanding previous ex-
pressions. This discourse tracking would be dimin-
ished, along with the performance of the system, even
if it were possible to generate the right metaphor with-

out understanding it.

It would be different and more reasonable to consider
ways to use lesser approaches to the problem if it were
believed that the phenomena of metaphor was arbi-
trary with no identifiable structures behind it. Fortu-
nately, the most important metaphorical problem to
AAC systems, transparently- motivated metaphors,
are based upon a firm structure, as has been described
earlier. We do, however, need to do much more work
on the problem of specifying the mechanisms behind
transparently- motivated metaphors computationally,

Implications

Since transparently- motivated metaphors are often
produced without being recognized as non - literal, it is
unreasonable to require users of future AAC systems
to recognize them. Fortunately, the behavior of trans-
parently- motivated metaphors is not arbitrary, and
therefore can be incorporated into a more intelligent
AAC system. This will allow for much better behavior
of the system, lessen the cognitive load, as well as fa-
cilitate completely natural expression.
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21.2 EVALUATION OF A TEXT -BASED COMMUNICATION SYSTEM
FOR INCREASING CONVERS ATIONAL PARTICIPATION AND CONTROL

Norman Alm,  John L. Amott and Alan F. Newell
Department of Mathematics and Computer Science

University of Dundee
Dundee, Scotland , United Kingdom

ABSTRACT

A prototype communication system has been developed
which allows a non- speaking user to incorporate relatively
long text  segments into a convers ation. T he proto type has
been developed with continuous particip ation in the design
develop ment b y a po tential user.  The first trials of the
system were co nducted using a single case -study design.
The trials evaluated the ease of use of the system's
interface, and its  ability to help the user increase
participation in conversations, and also increase their control
of the dialogue. The sys tem was fo und to augment
significantly the user' s current communication methods.

BACKGROUND

One important aspect of conversation which is very difficult
for users of AAC systems to perform is the telling of
extended narratives, or relating their views or experiences in
the sort of detail whic h natural sp eakers find easy. Such
conversational contributions  increase the impact of the
speaker 's pers onality, and to control the convers ation, rather
than simply answering direct ques tions put b y the other
speaker, which is a conversational role that AAC users too
freq uently find thems elves filling.

For an AAC user to make use of such conversational
techniques, they would need to be able to store and retrieve
easily a reasonably large amount of conversational material.

RES EARCH QUES TIONS

Use of hypertext
Keeping track of a large amount of stored data, and
retrieving it easily and  quickly is a general p roblem in
information technology.  In the cas e of c onducting a
conversation, part of the task is to make conversational
contributions on the current topic, and to be able to move on
to other topics without breaking the sense of continuity
which both speakers attempt to create [1]. An interes ting
research question is whether particular ways of structuring
stored c onversational material will help in mo delling the
way a c onversation might proceed.

Involvement of user from b eginning of design process
Another impo rtant research question lies in optimizing the
interface b etween the user and a complex sys tem. It is
important that the cognit ive load in c ontrolling a
conversation system should no t be an additional burden on
an already hard worldng non - speaking conversationalist. In
this exp eriment we have explored the po ssibilities offered by
software which allows the rapid b uilding and  altering o f the
interface, us ing an iterative d esign method,  where a potential
user becomes  in fact a continual partner in the interface
design, rather than just an experimental 'subjec t' .

Effect of introducing extended text into aided conversations
The third, and most crucial,  research question was what
effect would the use of a conversation aid which allowed the
introduction of large amounts of spoken text have on the
nature and quality of the dialog.

Previous research has examined the usability of a text
database to store co nversational material [2]. One outcome
of this research is the need for the system to take a more
active part than a traditional database in helping the user to
access stored material. A promising approach is to have the
system contain information about what the user is trying to
accomplish, so that it may anticipate their needs [3,41. The
experiment reported here is the beginning of a project to
explore hypertext as a suitable structure to achieve the ends
described above. Hypertext is a structure which allows
multiple links between text items, and as such, should offer a
good structure with which to model within -topic
conversational moves and topic shifts.

METHOD

A prototype system was developed using the Hypercard
software on a Macintosh computer, with output through a
text -w speech synthesiser. Imp lementing the system in
Hypercard allowed for rapid prototyping of the interface, in
keeping with the iterative nature of the design process. The
system has been given the working name 'Floorgrabber' ,
one of its intentions being to increase the user's
conversational control. T he interface design was a
cooperative effort between one of the authors and a
non - speaking person who had declared an interest in
becoming part of an AAC research team. This person also
was the user of the system in the trials. After experimenting
with various interface types, a control panel metaphor was
chosen. This  allowed for a tightly p acked display which was
still clear in its layout, and meant that all the co ntrols and
displays could be put on one screen, with no need to to go to
other screens or menus. The interface consists of text boxes
and 'buttons'  which are ac tivated  by po inting and clicking
with a mouse. Three types of buttons were used. These had
the effect of (1) speaking the text in the box po inted to (2)
speaking a q uick c omment, (3) going to ano ther topic.

Because the user of the system in these trials had been
involved from the start in the system design, there was no
need for a training period in using it. The user was a young
man of 20, who has been non - speaking from birth through
cerebral p alsy. His usual method of communication is a 400

word Bliss chart, supplemented with a VOIS 135
communicator, plus gesture and some vocalisations. He has
no receptive language problems, but significant spelling and
syntax difficulties . He has a fair degree of controlled
movement, and was just able to o perate a mouse.

For this fast experiment, the user produced textual material
about one topic, a journey abroad he did for an international
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swimming competition. This topic was chosen because he is
often asked about this interesting experience. Using his
tradit ional communicatio n modalities , he conveyed to a
volunteer anecdotes and comments about the journey and
competition. As he communicated , the volunteer stored this
material into the system for him. The user 's problems with
literacy meant that this sort of mediation was necessary, but
to ensure that the words were truly his, the material was all
checked with him several times, and  modified until he was
completely satisfied with it as  representing the way he would

like to express himself.

The trials were conducted using a single-case experimental
design. The user had 12 conversations with 12 different
people on the chosen topic. The 12 sessions followed an
ABAB pattern, with the baseline sessions (A) consisting of
the user taking part in the dialog with his current
communication metho ds, and the intervention ses sions (B)

differing by the inclusion of the prototype system as an
additional mode of communication. Each conversation took
15 minutes . Half of the conversation partners were familiar
with the us er and had communicated with him using his
current communication metho ds. The other half did not
kno w him , and had no experience of communicating with an
AAC user. The user 's instructions were to use whatever
communication mode was most comfortable and effective
throughout the dialogs. The conversation partners were
asked to have a 15- minute conversation with the user about
the swimming expedit ion. All the dialogs were videotaped.
Transcripts were made of the dialogs.

The information pro duced in this experiment is extensive:
three hours of transcribed dialog. The first measure applied
to the material was to assess the effectiveness of the
prototype system, in terms of its ability to help the user take
a fuller part  in a dialog, and to have more control over the
direction of the conversation. This was measured in two
ways. Firstly, a count was made of all the words produced
by each partner in the dialogs. Secondly, two conversational
moves which were of relevance in conversational control [51
were defined :
RESPONDER : An answer to a question, or a feedback
(backc hannel) comment to the other speaker
INITIATOR : A question, or a statement which is not a

responder.
All occurrences of these conversational moves by both
partners in the transcripts were counted.

RESULTS

Referring to the three research questions which were

addressed :
Use of hypertext
The first stage of the prototype design has been to develop a
usable interface and test the basic performance of the
system. As the prototype grows in size, hypertext features
will come into use in order to facilitate navigation through
the material, and at that point the effectiveness of this

structure will be assessed,
Involvement of user from beginning of goign process
This provided helpful insights for the researcher, and
allowed design problems to be addressed by continually
checking the effectiveness of potential solutions.

Effect of introducing extended text into aided conversations

The results of an analysis of the transcripts are shown in the
table below (Table 1 ), and the accompanying graphs (Figs
1,2,3). It is clear that , when the prototype was added to the
user 's communicatio n modes , he was able to increase the
total number of words he used in each conversation to a
significant degree ( t -test value of p <.01 ). (Fig. 1). The
level of word output of the other speaker was unaffected,
which indicates that the AAC user having the ability to
introduce text did not inhibit the other speaker.

Conversational control by the AAC user was also increased
as measured by his increased use of initiators (p < .05). (Fig
2) Again, the natural speakers retained their level of
initiators even when the AAC user increas ed his, indicating a
dialo g which was in general more lively.  There was no
statistically significant difference in the AAC user's level of
responders, but the increase in the case of the natural
speakers was significant (p <.05), which is not surprising,
since the natural speakers had more opportunities to respond
when Floorgrabber was in use (Fig 3).

Without With
Floorgrabber Floorgrabber

Mean number of words
Natural sp eaker

AAC user

917
143

999
534

Mean numb er of initiators
Natural speaker 48 50

AAC user 10 27

Mean number of responders
Natural speaker 19 36

AAC us er 87 7 t

Table 1 : Summary of measures taken with and
wi t ho ut  Ho o r g r abbe r

Mean total words i j Natural speaker

used by each person ■ AAC user

999
1000 917

raze:

800 a>, .

600 ,.
e:sas 534

N

400

� I r x . � ' r

200
143

0
Without Floorgrabber With Floorgrabber

Figure 1
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Mean total number
of init iators used

60
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40

30

20

10

E Natural speaker
E AAC user

Without Floorgrabber With Floorgrabber

Figure 2

Mean total number
of responders used

100

80

60

40

20

Natural speaker
■ AAC user

Without Floorgrabber With Floorgrabber

Figure 3

DIS CUSSION

This is the beginning of a series of analyses to be performed
on the material pro duced by the exp eriment. Although at a
very early stage, this data ind icates that the system shows a
promising directio n fo r increas ing the communicative
repertoire of AAC us ers. In addition to further analysis of
the data produced,  work is  proceeding on a further extension
of the prototype, to cope with multiple topics.

ACKNOWLEDGEMENTS

This work was supported by a charitable donation from
Digital Equipment Co rp oratio n.

REFERENCES

1. Atkinson, J. and Heritage, J. (eds) (1984) Structures

of Social Action: Studies in Conversation Analysis.
London. Cambridge University Press.

2. Amott, J.L. , Alm, N., and Newell, AX,  (1988) A
text database as a communication prosthesis. Proc.
ICAART 88 Cogl'erence. Montreal. pp 76-77.

3. Broumley, L. , Amo tt, J.L.,  Cairns, A., and Newell,
A.F. (1990) T alksBack: the application of artificial
intelligence techniques to  a communication
prosthesis for the non - speaking. Proc. European
Conference on Artificial Intelligence.. Stockholm,
Sweden. pp 111 -119.

4. Waller,  A. , Alm, N. , and  Newell, A.F. (1990)
Aided co mmunication us ing semantically linked text
modules. Proc. RESNA 13th Annual Conference.
Washington., D.C. pp 177 -178.

5. Pruning,  C.  and  Kirchner, D, (1983) Applied
Pragmatics. In GaUacher, T and Pruning, C,
Pragmatic Assessment and Intervention Issues in
Language. San Diego,  Calif. College -Hill Press.

Norman Alm
Department of Mathematics & Computer Science
University of Dundee
Dundee, S c otland  DDl 4HN
United Kingdom

368 RESNA International '92 • June 6 -11, 1992



21.3
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SYSTEM
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ABSTRACT

This paper describes  the development of  a predictive
wordprocessing system with an inbuilt spelling
corrector, designed for users with dyslexic -type
spelling disorders. The system was created by the
amalgamation of two previously existing systems,
and is currently undergoing preliminary trials in the

school environment.

BACKGROUND

The authors have been involved in the creation of
two previous systems designed for users with a
variety of written communication diff iculties: firstly
PAL (1), (2), a predictive wordprocessing system
now available commercially, and  secondly Spel ler (3 ),
(4), a spelling correc tor with the capability of finding
phonetic misspellings. Previously, users would employ
PAL to create a text file, and then exit the PAL
system and use Speller to correct this file. It was
decided that, if possible, a superior mode of
operation would be  to  integ rate  the  two systems into
one unit, so that the Speller system could be used

from within PAL.

PROBLEM STATEMENT

The two components of the desired integrated
wordprocessing system were already present in a
tried  and tested  fo rm, so  the main prob lems  were  the
successful passing of data between the two
programs, and the technical d if f icul ties  that would  be
likely due to the large memory usage of both systems.

RAT IONALE

The integrated system would have signif icant
advantages over the previous operational mode of
using one system and then exiting to the other.

These are:

i) greater convenience to the user

ii) the system would be able to provide on -line help

iii) no incorrect words could be passed to the PAL
dictionary during normal run -time operation.

I t  was  also fe lt  that the integ rated system would  be a
considerable improvement over existing word-
processing systems for the potential client group.
The benefits of PAL as a text entry system have
already been demonstrated (2), and similarly the
superior performance of Spe ller when tested against
commercial spelling correctors on samples of
misspellings has also been reported (3), (4).

DESIGN

The integrated sys tem was  des igned  to operate  on a
range of IBM PC- compatibles, in particular portable
computers with clock speeds of 12 MHz or above.
The clock speed requirement was due to the large
amount of processing that would be necessary.
Experiments with 4.77 and 8 MHz machines had
shown that the system was likely to be too slow to
have a value at o ther than the prototype leve l at these
clock speeds. The system would be required to
incorporate the maximum number of facilities from
both PAL and Speller, particularly the frequency and
recency statistics for all the words in the PAL
dictionary and the lexical and phonetic word- matching
capabilities, and inbuilt error logging facilities from
Speller. As a method of reducing the memory
requirement of the integrated system, the PAL and
Speller d ictionaries were  merged. Visually the  program
was  des igned to be as similar to  the PAL sys tem as
possible. The Spel ler part of the program was  to be
effectively 'invisible' until a spelling error was
encountered, when the erro r would be highlighted on
screen, and a window would appear below it as in
Speller, containing the list of suggested corrections.

DEVELOPMENT

The PAL system needed to have a method of
transferring data to Speller for examination. It was
decided that the simplest mechanism would be that
the user would employ PAL to enter text as normal,
and that, on the completion of a word in the text,
Spel ler would  be activated . A word was conside red to
be completed when the space key or any other
standard terminating character was entered, o r when
a prediction was selected from the PAL window.
Because PAL o ff ers word endings as predictions e.g.
' -ing', ' -ed' when it is unable to f ind any appropriate
words in its dictionary, selection of a PAL prediction
does not necessarily guarantee that the word has
been correctly spelt. Speller was therefore activated
at all points where a word had been completed.
Firstly, as PAL is a memory- resident program, which
takes over the keyboard interrupt, this interrupt is
redirected to the standard keyboard handling
procedures. Speller then scans through its dictionary
searching for the entered word, and forms a list of
suggested corrections if a match is not found. If the
word is found in the Speller dictionary, a return is
made to PAL with the word unchanged. If a list of
correc tions  is  p roduced, the word can be  co rrected by
the user using the Speller menu. The  correct ion is then
passed to PAL. Finally the PAL interrupt is restored,
so the overall effect is that any required corrections
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are  made  without aff ec t ing  PAL  in any way othe r than
by altering the incorrect word.
A small  enhancement was made  to  the Spe lle r part o f
the overall sys tem by g iving it  the fac ili ty to examine
misspell ings  to check i f  they were ac tual ly two  words
jo ined  toge ther as  one  e .g . 'thisis' being a misspel ling
of 'this is' as opposed to a misspelling of 'thesis'.

EVALUATION AND DISCUSSION

The merging of the dictionary structures, mentioned
earlier, also created two additional possibilities that
were incorporated into the overall system.

i) the use of word frequency and word recency data
to inf luence the compilation of a prediction list of
corrections for misspellings;

2) Newe ll,  A.F., Booth, L. and Beattie. W, 'Predict ive
Text Entry with PAL and Children with Learning
Diff iculties', British Journal of Educational Technology
22 (1), January 1991, pp 23 -40.

3) Wright, A.G. and Newe ll , A.F., 'Compute r Help for
Poor Spellers', British Journal of Educational
Technology 22 (2), February 1991, pp 146 -148.

4) Wright, A.G., Newell, A.F. and Ricketts, I.W.,
'Speller: An Alternative Spelling Correction System',
RESNA 14th Annual Conference, Kansas City, June
1991, pp 103 -104.

Andrew G. Wright,
ii) PAL could be given the capability of producing MicroCentre,
phonetically based predictions e.g. offering 'physics' Dept. of Mathematics and Computer Science,
as  a predic tion afte r the  le tte r T  had been used  at the The University,
start of a word. Dundee DD1 4HN,

Scotland, UK.
Evaluations of PAL and Speller had already been
conducted  which showed  they had  s ignif icant value  as
a predictive system and a spelling corrector
respectively. As an initial evaluation of the prototype
integrated system, it was give to a teacher for use
with three children, and the logged data produced
examined  on a regular bas is. The Spe lle r part o f  the
system perfo rmed  at the  level that would  be  expec ted
from previous trials (3), (4). Reported advantages of
the overall system were the benefit to the users of
having an interactive on -line spelling corrector within
the wordprocessing environment, and the increased
accuracy of the content of the PAL dictionary
structure. A further advantage of the integration
process is the ease with which the Speller d ictionary
can be personalised by the individual user.

CONCLUSION

A predictive wordprocessing system and a spelling
aid, both designed for users with severe spelling
disorders, have been successfully integrated. The
benefits of each individual system have been
maintained in an overall system which offers
considerable he lp  to  this  type  o f use r in the accurate
and speedy generation of textual output.
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Flexible Abbreviation Expansion
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Abstract

This project is  part  of an au gmentative  and
alternative communication project directed toward
reducing the burdens imposed on both clinicians .
and  us ers  by  traditio na l f ixed abbreviation
expanders. These burdens include the requirement
to devise and memorize good unique abbreviations
for the items that are to be abbreviated. This is
achieved by the application of a set of formal
abbreviation rules across the user's vocabulary in
order to anticipate the abbreviations that the user
will enter. A flexible expander is currently under
development for the Microsoft Windows operating
environment. Being independent of any particular
application this expander offers consistent access to
abbreviation expansion from within any context.

Background

Ever since [KV82], abbreviation expansion has
been identified as an important technique to reduce
the typing load of individuals for whom typing is
their primary form of communication, or for whom
typing is a significant physical task. It is important
for these individuals to produce text as quickly as
possible and with the least possible effort.

Abbreviation systems developed since then rely on
the assignment of a specific unique abbreviation to
each word that the user wishes to abbreviate. The
user then enters this abbreviation and the system
replaces it with  the associated expansion. This
approach is  easy to  implement and operates
efficiently.

Unfortunately fixed abbreviation expansion
imposes numerous unnecessary burdens. The user
is required to memorize all of the abbreviations
tha t t he sys tem reco gnizes. Someone must
manually devise and enter any abbreviations not
already in the system. The set of abbreviations is
probably not optimized for the cognitive skills of
the user.

In Word Compansion [DLM89]  t he re  is  no
predefined assignment of abbreviat ions to
expansions. Rather, the system performs a number
of transformations on an abbreviation in attempting
to infer the intended expansion. In this way the

21.4

user simply enters a reasonable abbreviation for the
expansion they intend, rather than recall one that
they had memorized.

Flexible Abbreviation Expansion is thus a hybrid
of these two approaches. It uses knowledge of how
people go about abbreviating in order to anticipate
the most likely abbreviations that a user will enter
for any given expansion. This allows it to operate
as efficiently as traditional fixed expanders while
bringing th e p ower an d f lex ib ility  of  Wo rd
Compansion to the user.

Statement of the Problem

Current abbreviation expanders succeed primarily
in decreasing a user's typing load. Ideally this also
translates into increasing the rate at which the user
produces text. While just this is of tremendous
benefit, there is still room to significantly improve
the user's typing capability.

The first improvement is to  free the user from
memorizing specific abbreviation assignments.
Curren t syst ems do  decrease th e amou nt of
memorization required of the user by utilizing
mnemonic coding approaches to make the
abbreviation assignments easier to remember.
Typically these take the form of: <2 > ='to ', <b >
='be', <4 >= 'for', and <bc >= 'because', and so
forth. [V87][R91]. While such approaches work
very well for the most common and frequently
used items, the fact that they are still unique
assignments means that once an abbreviation is
used for one item, it is unavailable for any other
item, no matter how good or appropriate it might
be in that case as well

This leads to  the second improvement being
covering the us er's  broad vocabulary  needs.
Generally expanders come with a set of default
assignments for common vocabulary items such as
function words, articles, and frequent verbs, nouns,
and phrases. These do comprise the majority of the
user's typing needs; they aren't its totality. There is
a vast reservoir of subject - specific vocabulary that
the user taps on demand. To abbreviate any of
these items with a current expander, someone must
have manually assigned an abbreviation to it. Since
any of these items are used infrequently, it is not
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practical to  make the effort in coming up with
abbreviations for each of these that are both unique
as well as easy for the user to remember.

A s olut io n to  t his need  illus trat es  t he  t hird
improvement, tailoring the set of abbreviations to
the individual user. To overcome the demands of
manually making the abbreviation assignments,
one could co nsid er u sing set s of  predefined
ab b reviat ion s ;  o n e fo r 'chem is t ry ' ,  o n e  fo r
'basketweaving', one for 'golf', and so one. Two
problems with this solution are not being able to
insure the uniqueness of any part icu lar
abbreviation, and that the abbreviation assignments
do not in general reflect the preferences of its user.

Another improvement is making abbreviation
expansion available to the user within any typing
context in  a consistent manner. Currently  an
expander is tied to a specific application. If a user
has an expander for a speech aid it is seperate and
distinct from one they would use with a word
processor. Not only must the user how to operate
each of these, they must also remember a different
set of  ab b revia t io n s with each , o r  a t  leas t
remember which and how the abbreviations differ.

Approach

Flexible Abbreviation Expansion makes all of these
benefits available to the user. It achieves this by
using a set of abbreviations for a given expansion,
rather than a unique assignment. This set is not
ente red manua lly , rather it is generated
automatically given the set of items that is to be
abbreviated.

An abbreviation strategy directs the generation of
the set of  abb revia t io n s associated with a
vocabulary. The  strategy consists of a set of
abbreviation rules that are partitioned into subsets
related to  word length. That is , for a word of a
specific length, there is a set of rules to be used in
producing a set of abbreviations for that word.
Th is  se t  is  o rd e red  acco rd in g t o  t h e  us e r 's
preference in applying the rules. This arrangement
is based on the observation that preferences vary
among individuals based on word length [S91].

An abbreviation rule is a formal description of the
re la tion sh ip between an expansion and an
abbreviation [S91]. A simple example is truncation,
where the abbreviation is  some number of the
leftmost letters from the word. Another example is
salient- letter, the first letter of each syllable in a
multiple- syllable word.

Once the set of abbreviations is generated, they are
entered into an abbreviation - expansion table. Each
row of this table represents all of the expansions
for any particular abbreviation. These expansions
are ordered by the preference for the rule used to
prod uce the  abb reviation. Tha t is , t he m ost
preferred expansion is  the one for which the
abbreviation was produced by the most preferred
rule. When two exp ansions have t he  same
preference, they are arranged by increasing length.
This represents the preference of having shorter
abbreviations associated with shorter expansions.

The entire set of items that the user wishes to
abbreviate is divided into seperate vocabularies,
where each is typically a set of perhaps as many
two hundred related words. The user can then
select a small number of these vocabularies as
being active at any given time. This allows the
expansion to focus on the particular subject about
which the user is writing, rather than the as many
as twenty thousand words that the user might
know in general. Each such vocabulary has its own
table. This is done for the convenience of the user
and makes the process of expansion more efficient.

The user has a choice in how abbreviations are
expanded. With one method the abbreviation is
replaced with its most likely expansion. Should
this not be the one that the user intended, they
press the Sp ace  Bar  (o r any designated <
abbreviate >key) again, and the next most likely
expansion appears. The user repeats this, cycling
through the entire list at will, until the desired
expansion appears, at which point they resume
typing with a non- <abbreviate >key. With the
second method, should the user reject the most
likely expansion, a list is presented from which the
user can select the desired expansion directly.
These expansion methods are actually not distinct:
the user can press the Space Bar to scroll through
the list, and can directly select the expansion in the
first method. The difference between the two is
essentially whether or not the list appears when the
most likely expansion is rejected. This is provided
as a feature for those users to whom the seeing the
list is not of benefit.

One important observation about flex ible
expansion is th at  it  d oes no t prec lud e th e
traditional fixed expansion. The table produced for
any vacabulary can be edited to add, change, or
remove both abbreviations and expansions. In this
way fixed abbreviation assignments can still be
used by simply having only one possible expansion
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for an abbreviation. Thus the expander can provide
the benenfits of fixed expansion for the most
frequently used items.

Implications

By removing the uniqueness constraint on the
abbreviation- expansion relationship, the user no
longer has specific assignments to memorize.
Rathe r, th e us er can sim ply const ruct some
reasonable abbreviation for the expansion item
they wish to enter. With a suitable defined strategy
the expander will have anticipated this abbreviation
and can present the desired expansion. In the worst
case the desired expansion would be one of the
alternative expansions the system identified.

Using the strategy the system can tailor the set of
abbreviations for a given set of items to  any
particular user. More importantly  this set of
abbreviations is automatically generated and does
not have to be manually entered. Thus abbreviation
expansion is  made available across the user's
vocabulary in a practical manner. Being
independent of specific application, flexible
abbreviation expansion gives the user consistent
and transparent access across all applications. The
user can make use of the same set of abbreviations
in the same manner from within any application
and gain the same benefit.

Discussion

A flex ib le abbrevia tion expander is being
developed and tested for the Microsoft Windows
environment. This typing aid gives users easy and
consistent access to a wide varitety  of software
ranging from popular off -the -shelf word - processing
to specialized speech communication. In addition,
th is  is  o ne  mo re  t o ol in making workplace
accomodation more complete.

Future enhancements of Flexible Abbreviation
Expansion includes incorporating adaptiveness to a
particular user. Generally this means fine - tuning
the operatio n of  the  ex pand er b ased  on the
selection patterns of the user. For example, with a
given abbreviation the user may actually prefer an
expansion that the strategy indicates as being the
third most preferred. An adaptive expander would
recognize this and override the strategy and reflect
the user's preference with this abbreviation. In
another case, the system could also observe more
wide -scale tendancies and actually modify the
strategy itself. Of course, some users will be more

sensitive to this fine- tuning than others. So the use
and extent of adaptiveness would be entirely at the
discretion and desire of each individual.
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QUARTERING, HALVING, GESTURING: COMPUTER ACCESS USING IMPRECISE POINTING

Jutta Treviranus
The Hugh MacMillan Rehabilitation Centre, Toronto, Ontario

ABSTRACT

This paper discusses the development of several on- screen
keyboards which can be controlled using imprecise or inaccurate
pointing. Those keyboards are modelled on presently available
coded input tec hniques , suc h as  Mo rs e code or Et ran s ys te ms,  but
use  the dynami c nat ure  of  t he comput er  sc ree n to eli mi nat e t he
need to learn a code. The use  of simple, loc ation -  specif ic head
gestures to i ndic ate sele ctio n is  als o de scri bed.

B A C K G R O U N D

Presently, there are few commercially available computer access
systems which effectively exploit the abilities of users who have
limited pointing abilities or who are unable to time their actions.
These users must accept less than optimal speed or accuracy due to
present technical limitations. Users must frequently choose
between direct selection or scanning. Many individuals who are
presently using direct selection techniques do so with great effort
and frequent errors. Accuracy can be improved at the cost of
increased physical effort and decreased speed by strategics such as
a key delay which forces the user to hold down the desired key
longer, key guards, or larger spacing between keys. The altema-
tive, scanning, is extremely slow and indirect. Another limitation
of scanning is that young children frequently require an access
technique before they can conceptualize the operational demands
of scanning input (Kmat, 1987; Light, 1990).

Three approaches arc suggested that bridge the gap between direct
selection and scanning. One approach is to combine direct
selection and scanning in one device. Thus, users would directly
select to the extent of their abilities, and then scan to choose items
which they are unable to select, or select from a larger group and
then scan items within that group (hybrid  selection )(Trevimnus,
Shein, Haataja, Panes & Milner, 1991). This approach is not
offered in any commercially available device at present but is
frequently practiced by graphic communication display users and
their communication paMers. Another approach is to use a form of
coding where two or more direct selections are used to choose
each item. The sequence of actions required to choose an item
could be either cued or memorized. In the third approach, tensed
dis amb iguatio n , the user chooses a group of items and relies upon
the computer to guess (or disambiguate) which item within the
group is intended. Thus the user makes only one direct selection to
choose each item, unless the computer has "guessed" wrong. This
paper will discuss the coding approach and the reconceptualization
of this approach to accommodate the needs and skills of individu-
als with imprecise or low resolution pointing.

Present Applications of Coded Access
The most common case is Morse code. Although Morse code is a
potentially fast and efficient means of computer input several
factors restrict its use by children with congenital neurological
impairments. Users must reliably control the timing of one or two
actions, to distinguish dits from dabs and to enter all elements of
the code within the allotted time. The training requirements of
Morse frequently restrict its use because it depends on the user's
ability to memorize the code (Beukelman, Yorkston, Dowden,
1985). Systems less dependent on literacy are frequently chosen
when users cannot mad (Lee & Themas,1990). Even when the
codes are reassigned to symbols, children frequently I  avc diffi-
culty in understanding the operational demands. Vanderheiden,

1984, proposed a selection technique which uses three reliable
actions without the timing requirements usually associated with
Morse code (dime- switch Morse code). The Handicodeym software
program uses this strategy. This technique requires three reliable
switch sites and does not overcome the training demands of Morse
code. Replacing the mnemonic cues with visual cues as imple-
mented in the RealVoiceTm reduces the need to memorize the code.
The choices are presented in a binary tree structure, the user guides
the cursor to the selection by activating the appropriate switch at
each branching. Unfortunately the perceptual and visual -motor
demands of this approach frequently outweigh its advantages.

In another form of coding users point with their eyes to a group of
items on an eye -gaze frame (Etran), subsequently indicating which
item is intended within the group by gazing to another group which
indicates the location, colour or number of the item (Beukelman,
Yorkston, Dowden, 1985). Clinicians report that this is an efficient
selection method whose primary limitation is the listener. It is
reported that even trained listeners are unable to keep up with
skilled users. The Eiran is infrequently used because the augmenta-
tive communication user is dependent upon trained listeners and
because of the physical barrier an Etran frame creates between the
individual and the listener (Trefler, Crislip, 1985). An electronic
system modelled on the Etran is the EyeTyper Model 200.TM This
unit displays eight groups of eight items. The user must gaze at the
appropriate group and then at the group which corresponds to the
position of the desired item. The display remains static. The gaze is
detected remotely by a built -in camera system (Brandenburg &
Vandencciden,1987).

Several researchers have explored a coding system for users who
can accurately target to a telephone keypad. Three letters of the
alphabet are assigned to each of nine keys. The simplest applica-
tion of the keypad requires 2 keystrokes to select each letter
(Witten, 1982). The user selects the key to which the desired letter
is assigned and then one of the remaining three keys to indicate
which of the dim letters is intended.

Researchers have demonstrated that selection strategies such as
those used with Etran systems are potentially far more efficient
than scanning (Goodenough- Trepagnier,1980; Vanderheiden,
1984). None of the above described coding systems, however,
offers the conceptual simplicity of pointing. In each of the coding
strategies the user does not point directly to the choice but also to
another target which forms a code for the desired item.

Use of present coding systems is restricted due to one or more of
the following reasons:

• the initial training demands are high because the user must learn
a code,

• the system is based on traditional orthography,
• the user must be able to time their response, or
• the possible controlling actions monitored by the device an

limited.

STATEMENT OF THE PROBLEM AND RATIONALE

A selection technique which can be effectively controlled through
inaccurate or imprecise pointing is required. This technique must
offer relatively fast, efficient, accurate and simple control of
computer based applications.
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In order to provide such access for individuals with imprecise
pointing the selection technique must meet a number of clinical
criteria. Once the user has decided what to select the time taken to
communicate that choice should be as short as possible. During
this period the user usually works out how to communicate the
choice to the system (the operational requirements), performs the
required motor acts, and waits for the system to respond or present
the desired choices. The system can be designed to make each of
these tasks less effortful or quicker.

• The difficulty of the motor act can be more important than the
number of motor acts required to indicate a selection.

• Error correction should be as simple as possible. There should
be no opportunity to make additional errors in the process of
correcting an error.

• Light, 1990, argues that the access systems must respond to the
conceptual models of consumers. System representations and
operational requirements should be in synchrony with the user's
mental models. She also argues that the system should provide
clues to designate the operational requirements. The "relation-
ship between the user's goals and the actions required to
achieve these goals" should be clearly designated by the design.

• The system should accommodate the needs of both the novice
and the expert user. The system should be operable with
minimal initial learning. The process of controlling the selection
technique should become automatic or habituated as the user
gains expertise. The system must therefore be very predictable
and require minimal visual vigilance.

DESIGN AND DEVELOPMENT

Several on- screen keyboards for imprecise pointing have been
developed. These keyboards are modeled on the ETRAN but
utilize the dynamic nature of the computer screen. The keyboards
are implemented in an on- screen keyboard program called WiViK.
The program rums on any IBM or compatible computer running
Windows 3.0 or 3.1. WiViK can be addressed with any mouse
compatible pointing device including head pointers or touch
screens (Shein, Hamann, Brownlow, Treviranus, Milner and
Parties, 1991).

The first keyboard developed is a simple quartering keyboard. All
of the selectable items are divided into four quadrants. The user
points to the quarter containing the item they want That quarter
expands to fill the whole keyboard and is again divided into four
quadrants. The user then chooses the quarter containing the desired
item as before and that quarter expands to display one item per
quarter. The user then points directly to the desired item. Thus a
user who can only point to four targets can accurately pick one of
64 items with three selections. Each selection act involves locating
the desired choice and pointing to it (See Figure 1). The user
corrects errors or backs up through the process by activating a
switch. The item entered is echoed by a voice synthesizer.

Figure l: Sequence of displays with quartering -style on- screen
keyboard

This keyboard was tested by several users who pointed using an
absolute hcadpointer. It was found that vertical and horizontal head
movements were easier to control than diagonal head movements.
To allow control through vertical and horizontal movements the
keyboard was redesigned. The keyboard was rotated to form a
diamond, thereby maintaining the effect of expanding quadrants
(See Figure 2).

When using a headpointer or other pointing device users indicated
a selection by pressing a switch, vocalizing (to activate a sound
switch) or pausing over a square for a predetermined time (dwell
time). Switch activation frequently caused the pointer to stray from
the target When using dwell time users were more prone to make
unwanted selections, often when the user was resting between
selections. Some users had difficulty in maintaining the cursor on
the target To account for this an averaging feature was incorpo-
rated into WiViK such that the dwelt criterion can be met by
passing over the target several times.

Another solution exploits both the form and location of head or
hand gestures. Each quadrant of the diamond is bisected with a
vertical or horizontal line. To select the quadrant the user passes
over the line and back into the center of the keyboard. The desired
item is therefore selected by a series of three horizontal and/or
vertical head movements. The size of the movements inquired can
be adjusted by moving the lines further from the middle of the

keyboard.

These quartering keyboards inquire three selections to choose each
item. In order to make more frequently chosen items easier to
select a variation of the quadrant keyboard, modelled on Morse
cork, was developed. Selectable items are divided into two
quarters (those beginning with a dit and those beginning with a
dah). The remaining quarters contain a space and a backspace
respectively. When a quarter is chosen the priority item within that
quarter moves to the quarter previously occupied by the space and
the remaining items in that quarter are divided into those which
require a dit and those which require a dah as the next entry in the
code. Space and backspace can therefore be chosen with one
selection. High priority letters such as a or t can be chosen with
two selections. The selection technique emulates three- switch
Morse code without requiring the participant to memorize the

code.
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Figure 2 : Diamond -style on- screen keyboard

EVALUATION

Users of these alterative access techniques have been actively
involved throughout the iterative design process. The five clients
participating in the evaluation have impaired pointing abilities due
to cerebral palsy and are between the age of 7 and 27. These clients
previously used scanning or expanded keyboards (with excessive
effort or error). The pointing resolution of these individuals ranges
from 4 targets to 8 targets when using an absolute head pointer to
point to a standard sized computer screen. These individuals were
able to grasp the operational requirements of the on- screen
keyboards following a brief verbal description and a one minute
demonstration. The quadrant and diamond keyboards were more
formally pilot tested by two users resulting in the design adjust-
ments discussed previously. When comparing entry using scanning
with entry using the quartering technique, input rate improved
from an average of 1.4 entries per minute with a standard deviation
of 0.3 to an average of 3.1 entries per minute with a standard
deviation of 0.4. These keyboards will be tested and further
developed in a research study comparing 4 selection techniques
namely: scanning, Morse code, quartering and disambiguation
techniques.

DISCUSSION

All permutations of this approach have not yet been explored, the
development and evaluation process is expected to continue over
the next few years. In considering the clinical criteria discussed
previously These selection techniques appear promising for
individuals with imprecise pointing abilities. The operational
requirements of the developed selection techniques closely match
the most natural method of selecting objects: pointing to them. The
task can be presented to the user as: "point to the one you want
until it is entered." The expanding quadrants communicate the
effect of bringing the desired item closer to the user. To match the
necessary motor acts to the motor skills of the user the size and
number of the targets can be adjusted. Unlike traditional applica-
tions of Morse code the user need not learn a code to begin to use
the on- screen keyboards. The keyboards differ from disambigua-
tion techniques in that they are very predictable and do not require
the same vigilance to system errors or wrong guesses. They are

therefore conducive to motor habituation. As the user becomes
expert in using the keyboard the visual cites can be faded, perhaps
ultimately leaving only the outline of the squares or lines to cross.
Disambiguation techniques depend upon linguistic information to
guess which targets are intended, the quartering approach is not
dependant on linguistic information and can therefore be used
outside a text application to select icons or other graphically
represented objects.
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Laser Diodes for Head Pointing and Environmental Control
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Abstract

Head mounted, light pointers have
been used for some time as a means
of communication. The traditional
units have been incandescent
resulting in mounting difficulties,
high energy use, focusing /spot size
limitations, and difficulty in use
in high ambient light levels and
over long distances. The visible
light, diode laser offers an
attractive alternative including
small size and weight, low energy
requirements, and a small, intense
spot which can be seen over large
distances even under high light
levels. The laser based pointer can
be used to indicate selections from
both close and far targets without
refocusing. The beam can also be
used for environmental control
appl icat ions  as an i nput  to an
appropriate light sensitive switch.

Introduction

Head, neck and eye movements
provide a degree of motor control
that can be effectively used by the
non - verbal population with little
or no use of the extremities
(Brown, Kostraba, et al, 1991) .
This can include direct eye gaze
communication, eye gaze monitoring
devices for computer input, and
direct activation of switches by
the head, or with a head mounted
mechanical pointer. It can also
include head mounted visible light
sources used as pointers (Field,
1991), and head mounted infrared
(IR) sources for activation of IR
sensitive devices. In the latter
case visible light systems are
sometimes also used for targeting
since the location of the IR beam
cannot otherwise be found.
Commercial versions of such devices
are available from a nu mber of
vendors.

The traditional visible light
pointer has used incandescent light
sources. These devices have been
relatively large and heavy, and
mounting them on the head has
presented difficulty, although

21.6

effective solutions have been
reported (Field, 1991). The
incandescent devices have other
limitations including difficulty in
focusing the light beam to a
desired diameter, and maintenance
of th at diameter over variable
distances. Light intensity has
also been a problem in that high
ambient light levels can wash out
the beam. These problems can be
very effectively addressed by the
use  o f sol id  s tat e di ode  l as er
modules with output in the visible
domain (typically a red beam with a
wave length of 670 nm) . These
modules, with appropriate drive
circuits, optics and power
supplies, produce a narrowly
focused beam of high intensity. In
our application a spot size of 1/8
inch is obtained over continuous
distances from close to the source
to across a room. Moreover they
are light and therefore easily
mounted, and their power
requirements can be met by standard
batteries.

Laser Technology

"Laser" is an acronym for "light
amplification by stimulated
emission of radiation ". The laser
beam is characterized by being
coherent (all light waves in phase)
and monochromatic (one wave
length /color). Laser beams in most
applications have very little
divergence, i.e. the diameter of
the  be am  re mai ns constant over
large distances. In many
applications this is particularly
useful in that all of the energy
contained in the light can be
delivered to a small area. Lasers
are characterized by the frequency
of the light and the total power in
the beam. In the visible spectrum
frequency determines color, thus
the red beam used in our device is
light at a wave length of 670 nm) .
Some applications of lasers use
beams that are not visible, i.e.
ultraviolet or infrared. The power
contained in the beam is very
important with respect to the
capability of the laser to cause
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damage to materials which the beam
falls on. Other important
parameters are whether the beam is
pulsed or continuous, and the
duration of exposure. High energy
la se r s ca n  b e u se d t o cu t  e ve n
metals for example, and medical
applications include the ability to
cut and vaporize tissue. The eye
is particularly sensitive to laser
radiation and the destructive
capability of lasers must be taken
into account in all applications to
provide assurance that inadvertent
exposure to the laser beam will not
produce injury. For safety and
regulatory purposes visible lasers
(frequencies of 400 to 700 nm) are
divided into the classes shown
below on the bas is of delivered
power (ANSI, 1986; 21  CF R  Pa r t
1040).

Class Power
I < .01 mW
II > Class I but

<= 1 mW
IIIa > Class II but

<= 5 mW
IIIb > Class II but

<= 0.5 W
IV > 0.5 W

Engineering and personnel control
measure requirements vary by class.
Notably eye protection is required
for Class IIIb and above so that
such lasers would be unsuitable for
use as pointers in general
population environments. Class I
lasers are too weak for practical
use as pointers. Therefore
suitable devices lie in Classes II
or IIIa. The Class II lasers we
use are sufficiently bright that it
is reasonable to restrict this
application to this class, rather
than use Cl ass III de vices with
their somewhat greater risk.
However, by Federal regulation of
laser products, Class II lasers
require  a war ning l abel s tating
"Laser R adiation  - Do No t Stare
Into Beam" (21 CFR, Part 1040).
Momentary eye exposure to a Class
II laser beam is  not considered
harmful.
Early lasers were relatively large
and complex devices with glass
tubes an d high i nput ele ctrical
power requirements. These
limitations made these devices
unsuitable for the present
application. More rece ntly the
laser diode has become available

(e.g. Toshiba TOLD 9200 or Sharp
LTO20MD) in small and durable
units. These  dio des r equi re a
drive circuit, a colomating lens
and a heat sink, along with
appropriate input power of less
than 5 volts. These devices are in
common use in CD players and in
hand held presentation pointers.

Head Mounted Laser Pointer

For the present application a
complete laser diode module
consisting of diode, drive circuit
and  h ea t si nk  i s u se d fo r he ad
mounting, while the batteries and
power conditioning circuit are
contained in a small box attached
by coiled wire. This configuration
is used in order to not have to
carry the weight of the batteries
on  t he head m ounted  unit. In
addition the use of a 9 volt
battery provides adequate duration
of continuous use while taking
advantage of the availability of
project boxes for the power supply
which include an externally
accessible compartment for a 9 volt
battery. The voltage regulating
circuit produces a constant voltage
of 4 volts which provides a useful
beam which is well within Class II.
The head mounted unit is attached
to the ear piece of the user's own
glasses or to lenseless eyeglass
frames for user's who do not
otherwise where glasses. The
original design included in the
mount the ability to independently
aim the laser, but this was
subsequently found to be
unneccesary since direct attachment
to the ear piece of the eyeglass
frame puts the beam in a useful,
more -or -less central position. The
aiming mechanism was therefore
eliminated. For most users the
eccentric weight of the laser
mod ule  on  t he gla sse s is not  a
problem. However for some users an
elastic eyeglass athletic strap is
used to help secure the glasses on
the users head. When used alone
the laser pointer provides an
excellent light source for
selecting items from a lap board
word or picture menu. It can also
be used for indicating selections
over greater distances, including
across the room as desired. The
coiled cord is a convenience
feature which eliminates trailing
cords while providing protection
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from pulls on the wire. Our
current units have a manual on /off
switches on the power supply box
w h i c h is used by attendants.
Alternatively a separate head
accessible switch could be provided
so that the user could turn the
laser unit on and off as needed.

Environmental Input

The  f act  t hat  t he he ad mo unt ed
laser provides an easily seen, well
focused beam at great distances
allows the laser light to be used
as input to a light sensitive
switch which in turn can operate
any device to w h i c h the switch has
been interfaced. We have
constructed switches suitable for
either battery powered DC devices
(radios, tape players) or line
powered (110 volt) devices (lights,
televisions). The time delay
portion of the circuit is to
prevent rapid on /off switching
during target acquisition. Our
initial devices used solar cells as
the detector in order to provide a
large target. However, the narrow
beam allows for small detectors and
therefore a multi- target switch
could also be easily made.

Classroom Use

The head mounted laser pointer
provides a technology that could
find interesting application in the
classroom with properly prepared
materials. The basic concept would
be for the teacher to provide
multiple choice answers for the
subject being studied that are
visible to the students. When a
student response was called for the
non - verbal student could use the
visible light pointer from their
seat to indicate their choice
across the room, such as written on
the blackboard. In fact the
materials could be prepared for
overhead projection since the laser
lig ht bea m is eas ily  s een  ev en
against the bright light of the
overhead projector. Non - verbal
children with upper extremity use
could communicate similarly by just
using readily available hand held
pointers. Moreover, in the
integrated classroom other student
could also have laser pointers and
a "silent" lesson could be given in
which all participants responded by
using their pointers.

Conclusion

Low power laser diode technology
makes it possible to provide a next
generation of head mounted visible
light pointers. The units we have
provided are in great demand and
nearly continuous use by the
recipients who are non - verbal
adults with significant motion
deficits such that head control is
their primary useful physical
function. These pointers are used
for detailed communication from
word /phrase boards, simple
communication using pictures or
objects, and for environmental
control. These devices are a
significant advance over
incandescent pointers in terms of
beam intensity, focusing, mounting,
weight, heat, and power needs.
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22.1

M A I N S T R E A M I N G  S T U D E N T S  W I T H  A S S I S T I V E  T E C H N O L O G Y

M o l l y  D o y l e ,  M S  C C C ,  C y n t h i a  C o t t i e r ,  M A  C C C ,  R o n n a  J o s e p h ,  O T R

C A R T  R a n c h o  L o s  A m i g o s  M e d i c a l  C e n t e r
7 6 0 1  E .  I m p e r i a l  H w y

Do w n e y ,  C A  9 0 2 4 2

A b s t r a c t

S t u d e n t s w i t h d i s a b i l i t i e s o f t e n
n e e d  a s s i s t i v e  t e c h n o l o g y  t o
p a r t i c i p a t e in r e g u l a r c l a s s r o o m
a c t i v i t i e s .  H o w e v e r ,  m o s t  r e g u l a r
ed u ca t i on  te a c he r s  h a ve  n ot  re c e iv e d
t r a i n i n g  i n  u s i n g  a s s i s t i v e  d e v i c e s
n o r d o t h e y r e c e i v e c o n s i s t e n t
s u p p o r t f r o m  p e r s o n n e l t r a i n e d in
t h i s ar e a . Cu r r e nt l y , a p i l o t
t r a i n i n g p r o g r a m f o r " i n t e g r a t i o n
sp e c ia l i st s "  i s  be i n g i m pl e m en t e d i n
a l oc a l  s c ho o l  d i s tr i ct .  Sp e ci a l is t s
t r a i n a n d p r o v i d e s u p p o r t t o
t e a c h e r s  a n d  t h e i r  s t u d e n t s  w h o  u s e
v o i c e  o u t p u t  c o m m u n i c a t i o n  a i d s  i n
r e g u l a r c l a s s r o o m s . T h e b e g i n n i n g
c o m p o n e n t s o f t h e p i l o t t r a i n i n g
p r o g r a m  i n c l u d e  i n f o r m a t i o n  m o d u l e s
in t h e a r e a s of : a u g m e n t a t i v e
c o m m u n i c a t i o n , s e a t i n g an d m o t o r
ac c e ss ,  an d  i nt e r ac t i on  s t ra t e gi e s .

B a c k g r o u n d

S t u d e n t s w i t h s e v e r e s p e e c h
i m p a i r m e n t s o f t e n d e p e n d on v o i c e
ou t p ut  c om m u ni c a ti o n  a i d s ( V OC A s ) t o
p a r t i c i p a t e ac t i v e l y in c l a s s r o o m
a c t i v i t i e s . T h e p r e s c r i b i n g
c l i n i c i a n s p r o v i d e s t u d e n t s wi t h
i n i t i a l  t r a i n i n g  o n  t h e i r  V O C A ,  b u t
of t en  c an n ot  p ro v i de  on g o in g  s u p po r t
d u e t o l a r g e c a s e l o a d s , t i m e
l i m i t a t i o n s a n d r e i m b u r s e m e n t
p r o b l e m s . I t is b e l i e v e d t h a t
o n g o i n g s u p p o r t , in t h e f o r m o f
t e a c h e r e d u c a t i o n  a n d  t r a i n i n g in
u s i n g V O C A s , s i g n i f i c a n t l y
i n f l u e n c e s t h e e x t e n t t o w h i c h
s t u d e n t s u s e th e i r V O C A s in t h e
cl a s sr o o m . W h en  t e ac h e r t r a in i n g a n d
s u p p o r t  a r e  l a c k i n g , t h e  s t u d e n t s '
a b i l i t i e s t o u s e t h e i r V O C A s t o
so c i a li z e  wi t h  pe e r s , t o  pa r t i ci p a t e
in  cl a s s a nd  t o c o mp l et e  as s ig n m en t s
i s  s i g n i f i c a n t l y  c o m p r o m i s e d . T h i s
i s p a r t i c u l a r l y t r u e f o r c h i l d r e n
u s i n g V O C A s in m a i n s t r e a m e d
s e t t i n g s , t h a t is, in c l a s s e s
containing predominantly able - bodied
s t u d e n t s .

T o a d d r e s s t h e p r o b l e m of
in s u f f i c i e n t t e a c h e r t r a i n i n g an d
l a c k  o f  s u p p o r t  f o r  s t u d e n t s  u s i n g
VO CA s  i n  i n te gr a te d  c l as sr o om s , t hi s
p r o j e c t p r o p o s e s t o d e v e l o p a n d
im p l e m e n t a t r a i n i n g p r o g r a m f o r
" i n t e g r a t i o n  s p e c i a l i s t s . "  T h e  r o l e
o f  a n  i n t e g r a t i o n  s p e c i a l i s t  i s  t o
e n s u r e t h a t ma i n s t r e a m e d s t u d e n t s
ha ve  co ns i st en t  a c ce ss  to  a c ti vi t ie s
in  t he  r eg ul ar  c la s sr oo m.  C on si st en t
ac c e s s i s ac h i e v e d by t r a i n i n g
t e a c h e r s a n d by m a i n t a i n i n g
c o m m u n i c a t i o n  d e v i c e s .

O b j e c t i v e s

1. S u r v e y  p r o f e s s i o n a l g r o u p s a n d
pa re nt s  r eg a rd in g s er vi c es  c ur r en tl y
p r o v i d e d to s t u d e n t s u s i n g
au g m e n t a t i v e  c o m m un i c a t i o n  s y s t e m s ,
an d  t h e  n e e d s  o f  s t u d e n t s  a n d  t h e i r
te a c h e r s  i n  i n t e g ra t e d  c l a s s r o o m s .
2. I d e n t i f y  a p p r o p r i a t e  c a n d i d a t e s
f o r  i n t e g r a t i o n  s p e c i a l i s t  t r a i n i n g

p r o g r a m ;
3 .  D e v e l o p  a n d  f i e l d  t e s t  t r a i n i n g
m o d u l e s  f o r  i n t e g r a t i o n  s p e c i a l i s t
tr a i n i n g  p r o g r a m ;
4. D e v e l o p  a n d  f i e l d  t e s t  p r o t o c o l
t h a t q u a n t i f i e s t h e in t e r a c t i o n
p a t t e r n s  a m o n g  s t u d e n t s  u s i n g  V O C A s
wi th  th ei r  t ea c he rs  an d c la ss m at es .

Me t h o d

P r o f e s s i o n a l s a n d p a r e n t s w e r e
su rv ey e d to  de te rm i ne  t r ai ni ng  ne ed s
of in t e g r a t i o n sp e c i a li s t s . T h i s
in f o r ma t i o n r e s u l t e d in t h e
d e v e l o p m e n t o f se v er a l t r a i n i n g
mo d u l e s w h i c h c o v e r a u g m e n t a t i v e
c o m m u n i c a t i o n  i n t e r v e n t i o n  a s  w e l l
as  s t r a t e g i e s  c u r r e n t l y  i m p l e m e n t e d
i n  c l a s s r o o m s  t o  f a c i l i t a t e  u s e  o f
VO C A s . T h e mo d u l e s i n c l u d e t h e
f o l l o w i n g  t o p i c  a r e a s : O v e r v i e w  o f
a s s i s t i v e t e c h n o l o g y ; E v a l u a t i n g
s t u d e n t s  a n d  s e l e c t i n g  a u g m e n t a t i v e
c o m m u n i c a t i o n s y s t e m s ; Se a t i n g ,
p o s i t i o n i n g a n d m o t o r a c c e s s t o
de v i c e s ; B a s i c  t r a i n i n g  i n  u s e  o f
T o u c h T a l k e r a n d L i g h t T a l k e r
c o m m u n i c a t i o n  d e v i c e s ;  a n d  T r a i n i n g
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Mainstreaming Students...

teachers to facilitate use of
communication techniques. Each
module has specific objectives, as
well as pre and post tests to ensure
that the objectives have been met.
The training program is being pilot
tested and will be modified based on
feedback received.

A protocol is being developed to
quantify and describe the
interaction patterns among students
who use VOCAs with their teachers
and peers. The protocol will help to
determine how effective integration
specialists are in increasing both
the quality and quantity of
interactions involving device users.

Discussion
Due to caseload size, time
limitations and reimbursement
problems clinicians often cannot
provide teacher training and device
maintenance that students need to
participate in regular classrooms.
An "integration specialist," who
acts as the liason between classroom
members and the primary clinical
team will significantly assist
teachers in ensuring their students
who use VOCAs have consistent access
to activities.

The integration specialist will
train teachers in the following
areas: operating communication
devices; assisting in curriculum
adaptation; teaching able bodied
students interaction strategies;
providing students with disabilities
opportunities to participate; and
re i n f o r c i n g th e st u d en t ' s
communication attempts. The
specialist may assist the student
and teacher in programming the VOCA
and resolving equipment problems.
The training modules teach the
specialists how to provide these
types of services. The modules were
developed based on information
obtained from the surveys and from

cl i ni c i an s ' and te a c he r s '
experiences working with students
using VOCAs in the classroom.

The specialists act as the liason
between the classroom members (i.e.
teacher, device user and able bodied
students) and the primary clinical
team. The specialist is trained to
monitor those skills that influence
the student's ability to
communicate, and when appropriate,
refer the student to the primary
team for a followup evaluation. For
example, the specialist may note
that the student sometimes has
difficulty activating his switch to
control the VOCA. The student hits
the switch with excessive force and
after multiple attempts slips down
in his wheelchair. In order to
activate the switch successfully the
student needs to be repositioned.
The specialist would then contact
the appropriate therapist to re-
evaluate the student's wheelchair
positioning and best method of
switch access. The therapist would
th en ma ke th e ne ce ss ar y
modifications.

The project has recently completed
the first year of a 3 year study.
The primary objective after
completion of the pilot training
program, is to finalize the training
manual. The manual will be made
available to school, hospital and
university programs to assist
clinicians in training staff as
integration specialists.
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ABSTRACT

Special ed uc atio n s tud ents  o ften do no t  ma in ta in  a n d
transfer ins tructed kno wled ge and skills. Research
suggests that this is in part d ue to difficulty in
dis t inguis hing relevant fro m irrelevant info rmatio n,  a lac k
o f req uis ite kno wled ge ab o ut the p ro b lem s ituatio n,  and
a f ailure  to  s e e t he c o n nec tio n b etween  th e k no wled ge
that is b eing learned ,  and  ' s o lutio n o f  th e real -world
pro blems . An ap p roac h lab elled anc ho red ins truc tio n
attemp ts to oyercoane thes e diffic ult ies by us ing
hyp ermedia - learning c ontexts  that  anc ho r skills  to real -
life situatio ns . In sys tems us ing this ap p ro ach, the
c rit ic al d is t inc tio n b etwe en inf o rmat io n t hat  is  relevant
and  irrelevant to  the s olutio n o f pro b lems  is  highlighted .
T he ac q uis it io n o f kno wled ge is  enhanc ed  b y the us e o f
ric h d atab ases  that  elabo rate the stud ent ' s unders tand ing.
And the co nc eptual "anc hor"  p ro vid ed b y a realis tic  s tory
enab les  s tud ents  to  s ee s kills as  to o ls  that  have value in
the s olutio n of real -life pro blems .

BACKGROUND

One o f the mos t vexing p rob lems fac ing s pec ial educators
and  reh ab ilita t io n c o uns elo r s  is  th eir s tu d ents '  s eeming
inab ilit y to ma in ta in and transfer the kno wled ge and
skills that they' ve learned . Teac hers wo nd er why
stud ents  fail to us e s kills  in s ituatio ns  that are s imilar to
tho s e in  wh ic h the y we re taug ht. S mall c h ange s  in  the
ins truc tio nal materials , tasks, o r ins tructions s eem to
und ermine the effec ts  of lo ng and  o ften ard uous  p erio d s
o f training. S o  o ften,  teac hers  kno w that  their s tud ents
p o s s es s  the  kno wled ge and  s kills  that  are ne ed ed  fo r a
part ic ular p ro blem,  yet  they d o  not us e them flexib ly and
effec tively. Child ren witho ut o b vious  learning p ro b lems ,
and even stud ents with exc ep tional talents , often
exp erienc e the same d iffic ulty. While it  is  fo und  amo ng
all peo ple, the pro blem is es pec ially pro no unc ed for
c hild ren with  lea rnin g ha nd ic ap s  (5) (8).

STATEMENT OF  THE P ROBLEM

The reas o ns  fo r the inflexible us e o f kno wled ge and  s kills
are no t fully unders to o d . Ho wever,  recent find ings s hed
light  o n the p ro b lem. Firs t ,  p eo p le res p o nd  to  p atterns
that  th ey rec o gnize in t he wo r ld . Relatively s up erficial
c harac teris t ic s  o f many p ro b lem s ituatio ns  are typ ic ally
the mo s t s alient  d uring p ro b lem s o lving. It  is  imp ortant,
therefo re,  to  s truc ture p ro b lems  s o  that  s tud ents  c learly
reco gnize the imp o rtant charac teris t ic s and their
relatio ns hips  to o ther p ro blems that  they might enc o unter
(4) (9).

Seco nd, peop le perfo rm mo s t suc cessfully in pro blem
areas in whic h they have ac q uired a great deal of

info rmatio n (7) (12). It is c o mmo n to enc o unter
c hild ren who possess a wea lth of interc o nnected
kno wled ge ab o ut suc h topics as dino s aurs , baseball
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players,  ro c ks,  cars,  etc . Often,  their memo ry f o r s uc h
d et ails  and  t he c o mp lexity  o f  t heir p ro b le m s o lving in
thes e areas  s tand  in s tark c o ntras t  to  their p erfo rmanc e
in o the r s itua tio ns . T he s p ec ific  kno wled ge tha t  th ey
po s s es s  help s  them to  q uic kly dis t inguish useful p atterns
of s timuli from irrelevant detail. This suggests the
imp o rtanc e of enc o ur aging c hild ren to develo p their
spec ific interes ts b ec aus e the res u lt in g kn o wle d ge c an
facilitate their p ro b lem - s olving performance.

Third ,  s kills  and  kno wled ge are too  o ften taught as  end s
in and  o f th ems elves ,  r ather than as  a means  to  a larger
end  ( 2) (4 ). F o r examp le,  math is  o ften taught as  a s et
of proc edures that op erate o n mathematic al symbo ls
rather than as  a too l fo r s olving real -wo rld  p rob lems . As
a res ult ,  child ren o ften fail to  s ee the us efulness  o f thes e
s kills  in the ir eve ryd ay lives . Ac ad emic  s kills  are lit t le
mo re than ab strac t  p uzzles  imp o sed  b y ad ults o n c hildren
fo r no  ap p ar ent reas o n. As  a res ult ,  it  s ho uld  no t b e a
s urp ris e that  c hild ren fail to  maintain and  trans fer s kills
und er thes e c o nd it io ns .

APPROACH

A u niq ue ap p ro a c h to ins truc tio n that  ad d res s es  thes e
factors has rec en tly b een do c umented in the researc h
literature.  T his  ap p ro ac h,  c alled anc ho red ins truc tio n. is
d es ig ned  t o  o ve rc o me  th e ten d e nc y  f o r c h ild re n t o  b e
pass ive rec ip ients of s eemingly irrelevant info rmatio n
ab o ut unre lated  p ro b lems  (10). This  is acc omplished  b y
c reat ing r ic h ins tr uc tio nal envir o nme nts  v ia multimed ia
tec hno lo g y that  en ab le s tud ents  to  s ee ho w ex p erts  us e
skills  and  kno wled ge in real -life p ro blem s ituatio ns . To
be s uc c ess ful in thes e p ro blem s ituatio ns ,  many different
s kills  mus t  b e e mp lo y ed and co ordinated . T hes e ric h
ins truc tio nal enviro nments  s erve as  c o nc ep tua l anc ho rs
fo r leaming ab o ut the interc o nnec ted nes s  of the d ifferent
skills  and their us efulnes s  in s o lving real -life p ro b lems .

This  id ea of us ing real -life co ntexts  to anc hor instruc tio n
has a lo n g tr a d it io n in ed u c a tio n an d  is s ee n in s u c h
instructio nal arrangements as  app rentic eship s,  o n -the -jo b
training, field trips, and labo ratory exp eriments .
Ho wever,  thes e arrangements  are no t always  p o s s ib le to
c rea te,  the y o fte n re q uire an u nwield y  amo un t o f  t ime,
and they are often diffic ult to control to ins ure the
des ired  ins truc tio nal ob jec tive (3). Mo reo ver,  typic ally
eac h o f thes e ind ivid ual s ituatio ns  are c o nfigured  in s uc h
a way that they are co nc ep tually iso lated from eac h
o ther. While e ac h  o ne  p r o vid es a s p ec ific  c o ntext fo r
sho wing the real -life us efulness of a s pecific skill,  they do
no t pro vide "macro contexts" for lear ning ab o ut the
interc o nnec tednes s o f thes e s kills  in s olving c o mp licated
pro blems .

Ancho red ins truc tio n relies heavily on the us e of
hypermedia vid eod is c  tec hno lo gy to  create mac ro co ntexts
fo r lea rning. The las er vid eo d is c  p ro vid es  vivid  vis ual
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and  a ud io  inf o rmat io n ab o u t d yn amic  e ve nt s , enab ling
s tud ents to p rac tic e th eir  s kills in id en tify ing rele vant
info rmat io n and in develop ing ric h men tal images of
p ro b lem s itua tio ns . Moreo ver, the vid eo d is c ' s  rand o m
ac c es s  c ap ab ilit ies  allo w teac hers  and  s tud ents  to  quic kly
re tr iev e  a n y in f o r mat io n  th at  th e y d ee m imp o rt a nt  fo r
p ro b lem s o lving and  to  inves tigate "what if"  hyp o thes es .
Finally, mo re so p his t ic ated  vid eo d is c p layers  (tec hnic ally
kno wn as Level 3 systems) c an be co ntrolled by
c o mp ute rs  a nd  lin ked  to  d at ab as es  o f r ic h  in fo rmatio n,
ther eb y en ab ling s tud ents to further elab o rate their
kno wled ge.

Da lto n  a n d  Han n af m ( 1 98 7 ),  in  a s tu d y t ha t  p r ec e d e d
the us e of hyp er -links and th@ term "anc ho red
ins truc t io n " ,  t aught high and  lo w ac hie ving ad o les c ents
s trategies fo r ma n a g in g t h e ir pers onal financ es wh e n
b uyin g o n  c re d it . Us ing co mputer -  c ontrolled  interactive
vid eo, they po rtrayed the pro b lems caused by a n
inad eq ua te und er s tand ing  o f the p rinc ip les  o f b u ying o n
cred it , s uc h as  o verextend ing a c red it  limit ,  failing behind
o n p ayments , und er es timating interes t charges , and
neglec ting f inanc ial o b ligatio ns  b e c aus e o f ex c es s ive re-
p aymen t s c he d ules .

The s tud ents were divided into three groups : tho se
rec eiving Kno wled ge T raining s aw vid eo sc enes that
d ep ic t ed  the  b a s ic c o n c ep ts  o f  b u yin g o n c re d it  in t he
fo rm o f  a nar rat o r pro vid ing definit ions . After eac h
sc ene, the c o mp uter as ked the s tud ent a definit io nal
q ue s tio n tha t  t ap p ed  his  /h er rec all o f the info rmatio n.
If the stud ent ' s resp onse was inco rrec t, the sys tem
rep lay ed  the  vid eo  s c ene  and  a s ked  t he q ue s tio n again.
Stud ents  in the Co ntext T raining gro up  s aw vid eo  s c enes
d ep ic ting the us efulnes s of the co nc ep ts in ap p lied
settings - The vid eo fo llowed an ad o les c e nt  mak in g a
variety o f financ ial trans actio ns  thro ugh the c ours e o f o ne
week,  s uc h as  n ego tiat ing the  interes t  o n a  lo an fro m his
b ro ther. After eac h sc ene the c o mp uter as ked the
s t ud en t a q u es tio n ,  b u t in  th is  g ro up  t he  q ue s t io n wa s
po s ed  in the c ontext o f a real -world s ituatio n. Acro ss the
two  g ro up s ,  the  q ues tio ns  were  d es igned  to  ta p  p ar allel
co nc ep ts . Eac h gro up  pro c eed ed  thro ugh 10 ins truc tio nal
vid eo  s egments  c o vering p arallel to p ic s . S tud ents  in the
Co n tro l g ro u p  s aw all  vid eo  s c ene s ,  inc lud ing  b o th the
d efinit io nal kno wled ge s egment s  and  the c o ntext -b as ed
s egments , in a  lin ear fas h io n,  i. e . ,  w itho ut inter s p er s ed
q ues tio ns  fro m the c o mp uter.

All gro up s were then given two 20 -item written po s ttes ts :
o ne co ns is ted of sho rt -answer co mp letio n ques tio ns
des igned  to  tap  rec all o f factual kno wled ge and  the o ther
co ns is ted  o f s ho rt-ans wer c omp letio n q ues tio ns d es igned
to  t ap  ap p lic a tio n o f  th at  kno wled ge. S tud en ts  in  b o th
the Kn o wled g e T raining g ro up  a nd  the  Co nte xt T ra ining
gro up  rec alled  mo re fac tual info rmatio n than s tud ents  in
the  Co nt ro l  g ro u p , alth o ug h t he  t wo  tr e at me n t gr o up s
did  no t d iffer s ignificantly fro m eac h o ther. This  find ing
s ub s tan tiates  the p ed ago g ic al va lue o f  ac tiv ely en gaging
s tud ents in th e ir  le a rn ing . Ho wever, stud ents in the
Co nte xt T rain ing gro u p  ap p lie d  th e kn o wle d ge fro m the
les s o ns  s ignific ant ly b etter  than the Kno wled ge  T raining
and  Co ntro l gro up s ,  who  d id  no t d iffe r fro m eac h o ther.

T hes e res ults  d emo ns tr ate th at  s t ud ents  are no t ab le to
effec tively ap p ly th e basic kno wled ge th a t  th e y  le a r n
unles s tha t  inf o rmatio n is  p res ented in a fo r mat  th at
gives them op p o rtunit ies for its ap p lic atio n and in a
co ntext that anc hors  its utility to  real -wo rld  s ituatio ns .

Brans fo rd ,  et  al.  (1988) taught c hild ren with math d elays
strategies  fo r s o lving math wo rd  p rob lems  by using either
trad it io nal ins tructio nal metho d s or the mac ro c ontext
afford ed by the mo vie Raid ers of the Lost Ark.
interes tingly,  the firs t  10 minutes  o f this  mo vie p ro vid e
many good and vivid examp les fo r  te ac h ing child ren
meas u remen t s kills . By  u s in g th e videodisc's rand o m
ac c es s  c ap ab ili t ies ,  the res e arc hers  were a b le to  is o late
the  s e q u enc es  o f  fr ames  th at  c o u ld  b e  u s ed  to  a nc h o r
c hild ren' s  und ers tand ing o f meas urement s trategies .

Child re n in this s tu d y  wer e g iv en  t wo  p r et es ts before
rec eiving ins truc tio n. T he fir s t  p ret es t assessed their
und ers tand ing o f meas urement p ro b lems  as  p o s ed  in the
trad it io nal wo rd p ro b lem fo rmat. The sec o nd  p retes t
consis ted of pro b lems taken from the Raiders
macroc ontext, No t s urp ris ingly,  al l c hild ren p erfo rmed
very p oo rly o n bo th pretes ts . Child ren were then d ivid ed
into two groups . Child ren rec eiving trad itio nal
ins truc tio n were given extens ive p rac tic e rep res enting the
info rmatio n given in the pro blem and generating
so lutions . They rec eived  c orrec tive feed b ac k abo ut their
effo rts. Children rec eiving anc ho red instruc tio n were
given s imilar training  b ut the p r o b lems  were  taken fro m
the Raid ers  mac roc o ntext. Children saw the s eq uence o f
frames  that  was  relevant to  the p ro b lem and  rec eived  an
exp lanatio n  ab o ut its  us efulnes s . T hey  th en gen era ted
their ans wer and  were given feed bac k ab o ut the ac c urac y
of their effo rts .

Child ren in b o t h g ro u p s  wer e g ive n t wo  p o s tte s ts  th at
were s imilar to  the p retes ts . T he res ults  were d ramatic .
Children who received anc hored ins t ruc t io n were no t
only mo re acc urate than c hild ren who  rec eived  tradit ional
ins tru c tio n  o n p ro b lems  tak en fr o m the  Raid ers  mo vie,
b ut they als o  were b etter at  s o lving p ro b lems  p res ented
in the t rad it io n al wo rd  p ro b lem fo rmat. Thes e findings
demo ns trate that  mac ro c ontexts  c an p ro mo te the transfer
of problem - solving skills in c hild ren with lear ning
hand icap s .

Commercially - available video discs are a relatively
inexp ensive so urce for anc ho red ins truction, b u t  th e y
have no t b een  d es igned  o r p ro d u c ed  with  teac hing  and
learning as a focus. Co ns equently, they often lack
ap p ro p riate c o ntent fo r c las sro o m ins truc tio n and  fail to
includ e info rmatio n that is p ert inent to a pro b lem
so lutio n. To  o verc o me thes e d iffic ult ies,  Van Hanegan,
et  al.  (1991) d evelo p ed  a p ro to typ e vid eo d isc  c alled  T he
River Adventure . In this  vid eo , c h ild r en  a r e to ld  t ha t
th e y h ad  wo n  th e  u s e o f a  ho u s e b o a t  a n d  mu s t  ma k e
p lans  fo r a jo urney d o wn the river. The vid eo  d ep icts  a
previous jo urney d uring whic h prob lems invo lving
es timatio n and  meas urement were s o lved . The pro b lems
d ep ic ted  in the vid eo  we re relev ant to  t he p ro b lems  the
c hild ren wo uld have to take into ac c ount in their
p la nning  fo r t he ir river  ad ve ntu re (e .g. ,  vo lume  o f t he
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b o at ' s  fuel  tank ,  len gth o f the jo urn ey,  d irec t io n o f the
river 's  c urrent). All o f the  info rmat io n need ed  to  s o lve
the p ro blems  was  either d irectly d epic ted  in the vid eo  o r
c o uld  b e  d ed uc ed  fr o m t he info r matio n reve aled  in the

video.

Van Hanegan et  al.  us ed  the vid eo  as  a mac ro c ontext fo r
teac hing s p ec ial ed uc atio n s tud ents  ab o ut s trategies  fo r
so lving mea s ur eme nt and d is tanc e p ro b lems . in  t h is
res earch,  students were first  given a pretes t  c o ns is ting o f
trad it io nal wo rd pro b lems ab o ut distanc e and
meas ur ement. Half of thes e prob lems co ntained
inf o r ma tio n  t ha t  was  r elev an t to  t he p r o b le m,  a nd  t he
o ther half co ntained bo th relevant and irrelevant
info rmatio n. No t s urp ris ingly,  c hild ren p erfo rmed  very
p o o rly o n b o th typ es  o f p ro b lems . Child ren  we re t hen
divid ed  into  four d ifferent gro up s . Three o f thes e gro up s
rec eived anc ho red ins truc tio n and the fo urth gro up
rec eived trad it io nal ins truc tio n in rep res enting and
s o lving d is tanc e and  mea s urement wo rd  p ro b lems . The
gro ups rec eiving the mac ro c ontext differed in ho w
exp lic it ly they were ins truc ted  to  us e info rmatio n.  in the
vid eo to fo rmulate pro b lems and in wh at kind of
feed b ack they were p ro vid ed  ab o ut the rep res entatio n o f
info rmatio n and  their s o lutio n to  the p ro b lem.

After ins truc tio n,  all c hild ren were given a p o s ttes t  with
wo rd  p ro b lems . S trikin g re s ults  were ob tained again.
Child ren who rec eived  anc ho red  instruc tio n s ignific antly
o utp erfo rmed  tho s e who  rec eived  trad it io nal ins truc tio n
o n b o th  d is tan c e and  mea s ure men t p ro b lems ,  an d  t hey
were les s  likely to b e d is trac ted  b y irrelevant information.
T his  s tud y p ro vid es  fu rther  s up p o rt  fo r the co nc lusion
that  an c ho red ins truc tio n in pro blem so lving p rovid es
p o werful as s is tanc e to  s tud ents  with learning hand ic ap s
in trans ferring math pro blem - s olving s kills .

IMPLICATIONS AND DISCUSSION

Thes e and  other stud ies  have p ro vid ed  enc o uragement to
the p ro p o n ents  o f an c ho red  ins truc tio n. Thes e stud ies
illus trate, ho wever, b ut do no t yet fully realize the
po ss ib ilities afforded b y this ins truc tio nal innovation. For
examp le, the mac roc o ntexts  d es c rib ed in this  art icle were
co nc ep tually is o lated fro m e ac h o the r. Moreover, the
linkages  to  o ther c o ntent areas  and  d is c ip lines  were no t
develo ped. A s ignific ant inc reas e in ins truc tio nal p o wer
wo uld  res ult fro m d evelo p ing a s eries  o f vid eo d is c s  that
d ep ic t  s it uatio ns  in d aily living p res enting a w id e range
of real -wo rld p ro b lems and  that  permit the explo ratio n o f
databas es that enab le stud ents to develo p different
dis c ip linary p ers p ec tives  o n the p ro blems  c o nfro nted  b y
the p eo p le in thes e situatio ns . With s uc h a s eries and its
as s o c iated  d atab as es ,  s tud ents  wo uld  b e ab le  to  view a
s ingle ma c ro c o ntex t that  s e rves  as  a  c o nc ep tu al anc ho r
for disc ip lines suc h as mathematic s , scienc e, soc ial

stud ies ,  and  histo ry.

The bo tto m line wo uld be the creatio n of po werful
ins truc tio nal anc ho rs that vividly and co nvinc ingly
illus trate to c hild ren the real -world ap p lic ab ility of
kno wled ge. This is one o f  t he next ad vances to be
realized in techno lo gy- as sisted  instruc tion, The researc h
co nd uc ted  thus  far o n anc hored  ins truc tio n lays  d o wn
a firm fo und atio n fo r this  exc it ing next s tep .
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22 '3 Evaluation and Remediation of Cognitive- Communication Skills

in Young People with Head Injuries

Patricia Johnson, Nancy Thomas - Stonell & Patty Young
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350 Rumsey Rd., Toronto, Ontario
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ABSTRACT

Cognitive- communication deficits are a
major barrier to the successful reintegration
of young people with head injuries. This
paper describes an ongoing research study
which is currently evaluating a newly
developed computer -based cognitive -
communication skills retraining program.
This package consists of an "adventure- type"
game and consists of two parts: a screening
module and a remediation module. The
program concentrates on five domains:
a t tent i o n; memory /word re t r i eva l;
organization; language comprehension and
reasoning /problem solving.

BACKGROUND

Many rehab i l i ta t io n cent res have
implemented cognitive re- training groups
aimed at the remediation of head - injured
patients in the early stages of recovery.
Jennet (1975), observed that tremendous
efforts expended on intensive treatment in the
early weeks after injury are often largely
wasted by the failure to provide the means
whereby the full potential for recovery can
be achieved during the later stages. Research
needs to focus on the development of adequate
procedures for effecting cognitive change.
(Finlayson, Alfona, & Sullivan, 1987).

This paper describes the work that is
currently being carried out on a computer -
based cognitive retraining program which
focuses on the remediation of deficits found in
the later stages of recovery: attention;
memory; word retrieval; comprehension of
abstract language; organization and
reasoning /problem solving skills. This
screening and remediation package utilizes a
new approach to the rehabilitation of these
ski lls by combining: speech output; voice
recognit ion; data collection capabilit ies;
cueing and help screens; animation; and
mult i ple di f f i culty levels into an
intrinsically motivating game format.

The objective of this study is to evaluate this
highly innovative microcomputer -based
program for remedi ating cognit ive -
communication skills in individuals who have
sustained a head - injury.

RESEARCH QUESTIONS

1. Is the screening module a reliable
measure of skill levels in the domains of
attention; comprehension; memory and word
r e t r i e v a l ; o r g a n i z a t i o n ; a nd
reasoning /problem solving and thus a valid
tool for measuring progress following the
remediation modules?

2. Are the remediation modules an
effective enhancement to traditional therapy
for cognitive rehabilitation in the areas of
attention; comprehension; memory and word
r e t r i e v a l ; o r g a n i z a t i o n ; and
reasoning /problem solving?

METHOD

Adolescents (age of 13 -20 yrs) with closed
head injuries who exhibi t cognit ive
communication deficits are currently being
evaluated. All subjects conform to the
following:

- exhibit higher level cognitive
communication deficits
- comprehension of basic
syntax and linguistic
concepts
- intact expressive language
skills at the sentence level
-coma of 24 hours duration
- initial Glasgow Coma Scale
sore of greater than 8
-score of 7 or 8 as defined by
the Rancho Los Amigos
Orientation Scale
- absence of history of learning
disabili ties
-3 months post onset

An A -A' -B within subject and between group
design is being used. Three test sessions will
be completed. Each session consists of the
program screening module and the battery of
standardized tests. The experimental
(treatment) group is given the computer
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remediation modules three times per week
for 8 weeks. The control group continues
with their traditional therapy program.

A repeated measures of multivariate analysis
of variance (A, A', B) ( MANOVA) will
determine the differences between test scores
of  the two  groups f rom the three sessions.
The MANOVA will analyze the effects of
spontaneous recovery, practise and learning
effects and traditional therapy. The dependent
variables will consist of processing time,
correct response, number of errors and
number of trials. Also, non - parametric
statistics will be used (Kruskal- Wallace).

RESULTS

Preliminary evaluation, from a previous
pilot study of the screening and remediation
modules with three adolescents with closed
head injuries and five non -head injured
normal controls, indicated identical subject
rankings from the screening module to those
obtained frorn the standardized test battery.
These results indicated that the program had
preliminary face validity. As well, dramatic
improvements in the performance of the two
head - injured subjects who received
remediation three times per week were
observed.

In the current study, the screening module
has been f ield tested with ten regular junior
high and high school students in order to
obtain baseline normative data for the
program. Data is currently being co llected
and analyzed from the assessments of
adolescents with closed head injuries, on both
the screening and remediation modules.

DISCUSSION

Improving cognitive- communication skills is
of primary importance for the successful
reintegration of young people with head
injuries into educational and vocational
settings. This cognitive retraining program
promises to be an effective tool for
remediating the cognitive- communication
deficits exhibited by people with closed head
injuries. Further work will be undertaken to
assess validity and reliability of the program.

ACKNOWLEDGEMENTS

Funding for research was provided by The
Hospital for Sick Children Foundation,the
Easter Seal Research Institute, and Apple
Canada.

REFERENCES

1. Finlayson, M.A., Alfona, D.P. &
Sullivan, J.F. (1987). A Neuropsychological
Approach to Cognit ive Remediation:
Microcomputer Application. C a na d i an
Psycho logy. 28, 180 -190.

2. Jennet, B. (1975). Who cares for
head injuries? Br. Med. J., 3: 267 -270.

ADDRESS

The Hugh MacMillan Rehabilitation Centre
350 Rumsey Rd.
Toronto, Ontario
M4G -1R8
(416) 425 -6220

RESNA International'92 • June 6 -11, 1992 387



22.4
Applications of Artificial Intelligence to the Needs

of Persons with Cognitive Impairments: The Companion Aid
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Abstract
A hypothetical device called a "Companion" is proposed
as a way of applying advancing technologies to the
needs of individuals with cognitive impairments. The
device would use technologies most of which exist
today, and would provide individuals with cognitive
impairments with greater freedom and ability to live
and move about independently. Communication,
location, and computer technologies can be combined
to provide assistance and safety without dominance
over the user.

The purpose of this paper is to stimulate thought and
discussion about the appropriate use of technology to
enhance the abilities of individuals with cognitive
impairments, including the ethical issues in the use of
artificial intelligence to assist individuals with cognitive
impairments.

Background
Technology can be used in a variety of ways to enhance
the lives of individuals with cognitive impairments. In
vocational settings, appropriate use of technology can
increase the opportunity and accessibility of
employment for people with disabilities (Cress, 1987;
Anderson & Grasse, 1990). In therapy and education
settings, technology can provide a context for practicing
and improving selected cognitive skills (Iacono &
Miller, 1990). In daily living activities, technology can
provide functional assistance through prompting,
problem - solving, memory, or enhancing aids
( Vanderheiden, in press).

Specific assistive technologies that have been applied
for persons with cognitive impairments have prompted
or reminded users in specific, well - defined activities.
For instance, simple mass - market watches or calendars
can serve as cognitive prostheses to remind users of
appointments or scheduled activities (Naugle et al.,
1988; Henry et al., 1989). More complex computer -
based strategies has been developed to prompt users in
problem - solving for multi -step activities (Lancioni &
Oliva, 1988; Cole & Dehdashti, 1990). Advances in
technology such as speech recognition, artificial
intelligence, and pocket -sized computers will increase
the flexibility and power of these assistive technologies.
The challenge remains, however, to best match the
technology to the needs and abilities of the persons
served, and to effectively facilitate cognitive processes
or daily living skills.

Statement of the Problem
A primary concern about the use of artificial
intelligence in cognitive prostheses is the role that the
technology plays in the user's life. Salomon et al. (1991)
express this issue as the difference between effects with
andoftechnology. The effects with technology address
the changes in a person's performance while using

intelligent technology, and the intellectual partnership
that exists between user and device during operation.
The effectsoftechnology refer to the changes in
cognitive or functional skills that occur in the user as a
"cognitive residue" resulting from the use of technology.

Cognitive prostheses for persons with cognitive
impairments can affect the results both withand of
technology if the device functions as a companion
rather than a director for activities. Companion
technologies can not only extend or enhance an
individual's cognitive abilities (effectsoftechnology),
but also augment the user's functional abilities during
use (effects with technology). One example of
companion technology incorporating artificial
intelligence is a hypothetical device called the
"Companion."

Approach
The Companion: AHypothetical Design
The Companion is a small device approximately the size
of a large wallet. It has four or five large buttons on it,
which are brightly and distinctly colored and have
symbols on them. One of the buttons stands for "Help."
Two other buttons stand for "Yes" and "No." Another
button is a request button. The Companion has voice
output and speech recognition. It has an artificial
intelligence system programmed within it which is
specifically designed to facilitate problem - solving and
crisis resolution. In addition, the Companion acts as a
reminder and monitor system for the individual. The
Companion has a built in loran system (a navigation
system which determines latitude and longitude from
remote radio signals), allowing it to keep track of its
exact position. Finally, the Companion has a cellular
communication system similar to a cellular telephone,
allowing it to put the individual into instant contact with
a crisis line in case of an emergency which cannot be
easily handled by the Companion.

In daily use, the Companion would have certain regular
activities would be programmed into the system. The
Companion could wake the individual up in the
morning, and then periodically ask the individual
questions. These questions could help cue or prompt
them through their morning routine, or operate as a
check for individuals who do pretty well at progressing
through their morning routines on their own. While of
some benefit in routine operations, the Companion is
really much more useful in helping to remember the
breaks in routine. This would include days when the
individual is not supposed to go someplace they
normally go to (due to a special appointment, a holiday,
etc.), as well as unusual things they must do or places
they must go (doctor's appointments, etc.). Because the
system always knows its physical location, it can
automatically check the individual's progress and
determine when the individual is not making suitable
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progress toward the programmed goal. For example, if
the individual has a doctor's appointment, the
Companion would remind them in time for them to get
to the doctor's office. If the time for the appointment
was drawing near and the individual had not made
progress toward the doctor's office, the Companion
would provide additional reminders to the individual,
help them problem -solve the situation, or put them in
contact with someone who could help them out.

As the day progressed, the individual would be able to
request information or assistance from the Companion
by pressing the "Request" button. The Companion
would respond by talking to the individual and running
through a list of functions to see what it was that the
individual wanted. Because of the speech recognition
capability of the Companion, the individual could also
simply respond to the initial questions of the
Companion by saying what it was that they wanted.
Some of the functions that the Companion could
provide include providing time of day, providing
directions, checking appointments, providing telephone
numbers, providing addresses, etc. Here's how the
system might work for a young man, named Tim:

On this particular day, 7Fm falls asleep on the bus on his
way home from work, and rides past his normal stop.
When he wakes up, he looks out the window, and finds
himself in a totally strange partoftown. He panics, gets

offthe bus, and begins walking aimlessly about the streets,
becoming more alarmed as he goes. The Companion,
recognizing that he is in an area that he has never been to
before, and which is not on his agenda, beeps and asks
him ifhe is okay, and ifhe knows where he was going
Using speech or the yes/no buttons, he answers the
Companion's questions until the Companion u fairly
cetainly that he does or does not know where he is
headed. Ifthe Companion determines that he has a
problem it would go into crisis/problem resolution mode,
figure out what the problem was, and attempt to help him.

The Companion would start by asking questions to try to
determine what typeofproblem existed. It would then
run through a numberofproblem - solving strategies to try
to help 77m to solve the problem himself. If this did not
work; then Tim might be advised to seek help from those
around him (depending upon the environment and
situation). Finally,ifthe Companion was unable to help
77tH to solve the problem himself or with the assistanceof
those around him, the Companion would use its wireless
phone -like capability to contact a centra4 shared "Help"
facility. This central facility would be manned 24 hours
per day by individuals trained to provide assistance and
problem - solving to people who have Companions. Since
the central facility would have a basic fde on each
individual, as soon as the Companion contacted the
central facility, background information on Tim would be
instantly displayed on the operators screen, along with
any information that the Companion had been able to
glean through its processes, including the individuars
current location. At this point, 77m would be in direct
voice and visual contact with the operator, who would be
able to talk to him in a fashion appropriate to his abilities,
determine what the problem was, and help him to resolve
the problem.

Tim does not have to wait until the Companion detects a
problem ifhe is in trouble. Tim can signal directly that he
has a problem by pushing the Help button. Tim could
also skip the Companion's assisted self - resolution phase
and go directly to the call to the central operator by
pressing the Help button more than once.

Although 77m's Companion doesn't have this feature yet,
a new modelofthe Companion has just come out on the
market which also has a built -in reading capability. This
new modelofthe Companion has a small window, like
the viewfinder on a camera. Using the new model; if77m
saw some writing on a sign or paper that he could not
read, he would be able to just look through the viewfinder,
aim it at the text; and push a button. The Companion
would take an electronic "picture" and then read the text
aloud to Tim. This technique is also helpful in the way-
finding strategies, because the Companion would also
know what the sign said, and could provide some
assistance,ifit was a familiar type. For example,if77m
were near a bus stop, the bus numbers could be noted and
used to help Tim get on the right bus. Similarly, when a
bus approached, 77rn could just aim the viewfinder at the
word written on the bus and the Companion could
confum whether this was the proper bus for Ttm to board.
This reading capability would also have a certain
therapeutic value to Ttm, since it would display the picture
ofthe text and then highlight the words one at a time as it
spoke them. In this way, the Companion can facilitate
Tim's learning and recognizing common or familiar
printed words. It would also be possible for the
Companion to transmit the digitized picture back to the
central operator, in the eventofan emergency orproblem-
solving. As a result; the operator would be able to "see"
the problem more clearly, by simply asking Tim to "take
pictures"ofwhat the operator was interested in. Still or
motion pictures could be sen4 depending on the
bandwidth of the system

Implications
The purpose of the Companion would be to allow
individuals with mental retardation to live more
independently. If the Companion could enable an
individual to live safely in a less supervised or more
independent fashion, the cost savings would very
quickly cover the cost of the Companion. Even a
moderate shift in independent living status can mean a
savings of $10,000 or more per year. The cost of the
Companion could be kept reasonable because of its
widespread application with elderly individuals as well
as with persons with cognitive impairments. It could
help allow them to live safely outside of nursing homes
for longer periods of time, and, in nursing homes, allow
greater degrees of freedom while still allowing
maintenance of necessary supervision.

Technologies such as the Companion are easily within
our reach. The loran, cellular telephones, miniature
cameras, voice synthesizers, and microprocessors
required for the Companion all exist and are in use
today. Computer -based teaching of human activity is
being developed and tested in pilot form (Jaros et al.,
1991). The artificial intelligence and expert system
routines which would be needed for the problem-
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solving systems in a Companion-class device exist, but
not in the sophistication required for this application.
However, steady progress is being made in these areas,
and the computing power necessary to support these
capabilities is advancing rapidly. In fact, computing
power is advancing faster than any known technology.
Computing power goes up by a factor of ten every four
years. In addition, the cost for equivalent computing
power going down by a factor of ten every five years.

In order to get some conception of these numbers, let's
draw a parallel with the automotive industry. In 1965,
you could buy a Cadillac for $10,000 that went 120 miles
per hour. If automobiles were progressing at the same
rate that computers are progressing, in 1990 you'd be
able to buy either a $10,000 Cadillac that went the
speed of light, or a Cadillac that went 120 miles per
hour for 10 cents (Huray, 1990). (By the Year 2000, or
you'd be able to buy ten 120-mile per hour cars for a
penny.) As this analogy shows, computers and
computing technologies are advancing at a rate that is
inconceivable by ordinary technology standards and the
potential of artificial intelligence will increase along
with them.

The technology will therefore easily outstrip our ability
apply it effectively. What we do not have is

�knowledge of how to best utilize these technologies, or
Itow to provide useful prompting to help a client figure
out a problem rather than thinking for them. These are
the critical missing components, and are necessary to
transform an engineer 's toy into a viable tool for
persons with retardation.

Discussion: Ethical Issues in the Use of Artificial
Intelligence
Artificial intelligence holds great potential for
applications with people with cognitive impairments.
However, its application must be carefully implemented
to preserve their independence and freedom. If we
were able to provide a person with mental retardation
with an artificial brain which could think for them,
would we have provided the person with new
intelligence or would we have provided the artificial
brain with a human body? Although artificial
intelligence today is nowhere near the thinking or
creative capacity of the human mind, we should be
mindful that advances in this area are being made at a
previously inconceivable rate.

We must, however, take great care in how we do this. If
we attempt to make cognitive prostheses (an artificial
brain for the person), we run the danger of thinking for
the individual instead of facilitating his or her thinking
and decision - making processes. For this reason, we
should focus our attention on "companion" classes of
assistive technologies. These technologies constitute an
approach which involves the use of artificial intelligence
to stand alongside a person with mental retardation or
other cognitive impairment, accompany them through
their lives, and provide assistance to them in the same
manner as  a human companion or guardian might. It
should be programmed to facilitate the natural thinking
and problem solving capabilities of the individual. In
addition its companion or guardian function can allow

increased freedom for the individual while still
maintaining a link to assistance when necessary.

The ultimate goal is to create a tool that is under the
user's control. In this way, assistive technology may
provide advantages over the same assistance through
other people. Human companions and guardians are
susceptible to imposing their own points of view as well
as their own wants and needs upon the people in their
care. The "companion" device could be programmed to
offer assistance or reminder services on any level
deemed appropriate for the given individual. The
individual would therefore be left to make their own
decisions based upon the input from the "companion" or
others in their environment.
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DEVELOPMENTAL HANDICAPPING CONDITIONS
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INTRODUCTION

The Applied Technology Laboratory at
Southwestern Regional Centre opened
in November, 1983 with the overriding
goal to analyze, research, plan and
develop or arrange for the
development of a wide array of aids
and devices to enable developmentally
handicapped individuals more
independence and self - support within
Southwestern Regional Centre or
within their home communities. The
objective of the Applied Technology
Laboratory is individual client -
focused; practical applications of
applied technology with timely
implementation.

Having a population of just under
six hundred individuals with somewhat
unique needs served as a catalyst to
explore, investigate, and experiment
with the varied uses of technological
equipment /aids to assist the person
with developmental and physical
handicapping conditions.

METHODS

Nine years ago, the Applied
Technology Laboratory was set up
without a budget or staff in a small
room in the basement. Today, the
Applied Technology Laboratory has
moved to the main floor, in the
centre of the building and has sixty
micro - computers, over six hundred
pieces of software and many adaptive
devices. One example of technology
is that more than two hundred and

22.5

fifty client are exposed to computer -
aided- learning per week. 83% of
these clients have been tested as
profoundly or severely mentally
retarded with physical handicapping
conditions.

The Applied Technology Laboratory
must conceptualize and put, into
operation assistive devices, aids
and training methodologies for which
there is no precedent or validation
of effectiveness for developmentally
handicapped individuals. Initiative
and creativity are key requirements
for the work the Applied'Technology
Laboratory does, as there are minimal
aids, devices and research data
available. The Applied Technology
Laboratory must translate Ministry
of Community and Social Services and
the Ministry of Education directions
and directives for the future
applications of applied technology
into practical itilizatiop for
candidates who are unable to advocate
on their own behalf. The Applied
Technology Laboratory must remain
cognizant of current technological
advances and developments in
assistive devices, therapeutic
program equipment, computer aided
learning, communication aids
environmental control devices and
personal safety devices which could
be adapted for use by this special
client. population.

Program - conceptualizing, planning,
designing and implementing a service
for developmentally handicapped
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individuals utilizing recent
te c hn o lo g ic a l and com put er
electronics, as well as other
mechancial and adaptive tools to
promote self- sufficiency and
independence. As a one -of -a -kind
program in North America, the Applied
Technology Laboratory is regularly
sought after by organizations to
enlighten them to potential
applications for technology in a
human service industry.

Applied Technology Laboratory's
contact with major corporations,
universities, agencies, associations,
and government officials within
Ontario, Canada and across North
America provides a solid resource,
data, and information base. This
technological service network allows
Southwestern Regional Centre and the
Ministry of Community and Social
Services to become a leader in the
dynamic technological revolution in
human service delivery systems

Applied Technology Laboratory is
responsible for assisting in the
recruitment /attracting and nurturing
of volunteers to implement highly
complex technological devices and
systems. Volunteers have donated
twelve thousand hours of service to
the Applied Technology Laboratory
(January 1984 to April 1992).

All Southwestern Regional Centre
staff members, as well as interested
individuals or groups from schools
and community agencies, have the
opportunity to come to the Laboratory
to combine their talents, expertise,
and problem - solving abilities
regarding the uses of technical aids
to assist those with developmentally
handicapping conditions. This may
take the form of individual or group
d e s i g n e d pr o j ec t s , and /or
collaborative efforts between those
within and outside the facility such
as applied research studies or
student placements. This model will
benefit the physical and mentally

disabled, the elderly, persons with
cerebral palsy, etc. These
individuals with unique needs will
have hope of living a more
independent lifestyle as this
technology is being designed to meet
individual's needs.

Highly refined inter - personal skills
are required when dealing with staff,
peers, parents, volunteers, senior
ministry and business officials,
technical personnel, the media and
numerous voluntary and resource
groups throughout the province.

APPLIED TECHNOLOGY LABORATORY
ACHIEVEMENTS AND ENDEAVOURS

Interface technology - a wide variety
of single and multiple switches have
been developed to provide access to
a computer, electric wheelchair or
adapted toy by virtually any part of
the body with which a person has
functional control.

Software development - a wide variety
of software has been developed by
volunteers to provide pre- requisite
skills training for some commercially
available or public domain software
such as letter recognition as a pre-
requisite to word processing. Audio
and /or visual feedback are
incorporated for reinforcement and
to overcome sensory deficits.

Training models - Once the
appropriate interface and software
have been determined, training
strategies with individuals need be
formulated such as moblity training
with an electric wheelchair or
augmentataive communication training
with the "Talking Blissapple ".

Environmental Support Protect -This
concept is becoming a reality as the
deve lopm ent of intell igent
environments technology progresses.
The primary objective is to provide
maximized opportunity for skill
development of individuals in a home-
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like environment which will foster
optimum general independence and
self- identity despite their physical
limitations. The Environmental
Support Project concept appears to
have exciting possibilities in moving
handicapped people toward an
independent lifestyle.

Assessment Services - The objectives
are: to provide assessment services
that best determine individual needs
and will facilitate the best
treatment plan, day program placement
or job placement, to provide a
comprehensive, objective, clear and
concise client profile to service
providers such that the opportunity
for success is maximized for the
client, to provide consultation to
service providers to maximize
opportunities for client success.

T )iese projects have the potential of
having significent impact on the
efficiency and effectiveness of
service delivery to the adults with
physical and develop mental
handicapping condi tions at
Southwestern Regional Centre, in the
Tri Counties (Kent, Essex, Lambton) ,
in Ontario and in Canada. The
information gained would contribute
to the field of habilitative training
of people with physical and
d e v e l o p m e n t a l h a n d i c a p p i n g
conditions. The hardware, interface
technology and software developed as
the result of these projects would
easily lend itself to applications
with children in Special Education
and other clinical populations such
as the elderly.

When Southwestern Regional Centre
first opened its doors in 1961, it
was a home, school and hospital for
over one thousand residents with
physical and developmental handicaps.
Over the years, many of the residents
have moved into the community and the
present residential enrollment is
approximately 550 persons. Perhaps
the service most identified with a

facility such as ours is the
provision of care, teaching, training
and programmes for persons with
physical and developmental handicaps
who reside in our Centre. We offer
these residents services and
opportunities for personal growth.

The Applied Technology Laboratory has
made an exceptional contribution to
the physically and developmentally
handicapped at Southwestern Regional
Centre and special populations across
Canada. The Applied Technology
Laboratory has shown outstanding
innovation in conceiving and
developing new concepts, processes
of widespread benefit to Canada.

Paul McPhail
Manager
APPLIED TECHNOLOGY LABORATORY
Southwestern Regional Centre
R. R. # 1,
BLENHEIM , Ontario Canada NOP 1A0
(519) 676 -5431 Ext. 2264
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22.6
Issues and Trends for Special Education Technology in the

218t century: First Year Findings

Elizabeth A. Lahm
COSMOS Corporation

Abstract

A three year study, sponsored by
the U.S. Department of Education,
seeks to identify emerging issues
and trends in technology for
special education. By integrating
three strands of information: 1)
emerging issues and trends in
technology, 2) emerging issues and
trends in special education, and
3) factors affecting the
interaction between technology and
special education, the project
analyzes their impact on special
education technology for the early
21st century. The project has
established a network of experts
in science, technology, and
special education and has
implemented an electronic
communications system for those
experts to share their knowledge.
This paper highlights some of the
findings from the first year.

Background

If H.G. Wells is right, and "the
future is a race between
technology and disaster," then we
must begin encouraging schools to
use technology. To ensure the
race is won, and children are
ready for the future, policy
makers must plan for the emergence
of new technologies and relate
them to the changing needs of
children. This is particularly
important for children with
disabilities. For them,
technology holds the promise of a
future with many more freedoms and
an improving quality of life.

The U.S. Department of Education,
Office of Special Education
Programs, is planning for that
emergence of new technologies. In
a project designed to identify
emerging issues and trends in
technology for special education,
OSEP will gain insight into the
future and can plan for it. This

three year project integrates
three strands of information: 1)
emerging issues and trends in
technology, 2) emerging issues and
trends in special education, and
3) factors affecting the
interaction between technology and
special education. The project
has established a network of
experts in science, technology,
and special education and has
implemented an electronic
communications system for those
experts to share their knowledge.
The network includes the National
School Boards Association (NSBA)
as an active partner. The project
is developing a series of papers,
electronic events, individual
investigations, and a satellite
teleconference to identify and
share information on what the
world of special education might
be like in the year 2010.

Research Questions

The purpose of the project is two-
fold. It investigates trends and
issues in technology and special
education, and experiments with
the process of collecting that
information. The specific
research questions posed by the
study are:

a What are the trends in
technology and special
education today, and how might
these impact education for
individuals with disabilities
in the year 2010?

How can this project best
elicit information from its
network of participants to
arrive at a better picture of
the year 2010?

Method

The method for addressing the two
research questions are
interrelated. The project uses a
network of experts in technology
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and special education as the
primary information source. Three
expert panels independently
identify issues and trends in one
of three areas: technology,
special education instruction, and
special education service
delivery. An advisory board
serves to guide these panels and
assist in locating key information
sources relevant to their work.
Two project fellows assist with
the synthesis of cutting edge
research and development and the
analysis of issues and trends
across the three panels. A
consortium of special education
practitioners acts as a sounding
board and reality check for the
ideas generated by the panels.

The project participants only meet
face -to -face once annually and use
other communication mechanisms to
dialogue year round. The project
utilizes an electronic
communication system to facilitate
that dialogue. This system
includes an electronic bulletin
board established to network all
project participants. The project
conducts experiments with the
bulletin board in conjunction with
fax, phone, and mail capabilities
to find which communication mode
best achieves a specific
communication goal. These
experiments involve conducting
planned events or structured
interactions between project
participants. They deliberately
use communication protocols and
facilitators to avoid haphazard
and inefficient communication.

Results

Issues and Trends: The expert
panel activities in the first year
of the project identified the
following issues and trends:

r The increasing demand being
placed on teacher time and
less time being available to
integrate technology into the
classroom;

■ The uneven impact of
technology resulting in the
"haves" gaining even greater
advantage than the "have -
nots;"

■ A resurgence of categories and
segregated classes in some
areas;

■ Decreasing funds to support
special education and an
awareness of the need to
embrace other community
agencies;

• The digital storage of
information on optical media;

• Multi- functionality in
equipment or "extensible"
equipment;

• The development of "firmware,"
technology comprising both
hardware and software; and

• An increasing lack of policies
governing the acquisition and
implementation of technology
in schools.

communication Facilitation: After
nine months of bulletin board
operation and three planned
events, the following hypotheses
have been generated:

■ Users of a new communication
system must be nurtured to
become a regular user
audience. Nurturing may
include contact by regular
phone first to encourage
system use;

■ Better participation is
achieved if commitment is
obtained through scheduling
electronic dialogue for a
specific time;

■ Frequency and value of new
information available through
the electronic system are
important use variables;

■ Electronic information is less
luring when presented alone
than when it is supplemented
with video and audio stimulus
materials;

■ Bulletin board users prefer
use their personal word
processors to compose rather
than composing directly on the
system. This preference has
implications for how the
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system should be used; and

■ Individuals in large
institutions tend to only have
access to large networks and
have technical difficulty
accessing outside networks.

Discussion

Dialoging about emerging trends in
technology and special education
can have important benefits. Such
a dialogue can help educators and
technologists to understand each
other's worlds better, can
increase awareness of potential
matches and mismatches, and can
lead to unanticipated benefits to
students with disabilities. In
short, raised consciousness about
the interactions between potential
technologies and potential needs
can be but the first step in
improving the uses of technology
in special education. However, a
distinctive analytic challenge is
to promote the dialogue and to
make projections about such
emerging trends -- forces that will
change the educational world ten
or even twenty years from now.

First, the dialogue must focus on
emerging trends, not next year's
schools or technologies. With
school systems, such emerging
trends must incorporate many
unknown social, educational, and
economic conditions. With
technologies, emerging trends are
different from existing or
emerging technologies. An
emerging trend is a topic about
which no specific technology may
yet have been developed. In the
late 1940s, "automation" was an
emerging trend about which much
was written or speculated in the
absence of specific automated
devices. Similarly, the
"disposable society," development
of synthetic materials, and
creation of intelligent machines
all have been emerging trends at
one time in the past. The
challenge is to identify the
emerging trends for the future.

Second, the dialogue must include
persons familiar with both special
education and technology. This
means exchanging technical

information across diverse fields.
Therefore, different specialists
must paradoxically be able to
shed the communications barriers
associated with their professional
training and practices and, at the
same time, exchange information
about their own worlds.

Third, the dialogue must be
congruent with known conditions
and existing trends. In other
words, to dialogue productively
about emerging trends is to
control or at least be sensitive
to irrational urges toward
fantasy. Thus, history cannot be
reversed, and certain fundamental
norms in American society will not
change radically.

This project is currently trying
to promote such dialogue and to
meet these three analytic
challenges. The project
facilitates information exchange
through face -to -face as well as
electronic modes. Commissioned
papers are produced by experts, to
permit the more thoughtful review
of new ideas. As an adjunct,
concomitant review of existing
research and educational
conditions is conducted, to assure
that the dialogue takes advantage
of the latest information.
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Goi ng to  Ma rk et :  At te mp ts  to  t r an sfe r  a c us tom d es i gn  in to
23.1

th e  co mmer c i al  mar k e t

Su sa nne H. Shealey M.S. GTR Communication Enhancement Center, ChIldren's Hospital, Boston, MA
Charlyene Besedick Design Engineer, Prentke Romich Company, Wooster, OH
Colin Twitchell , B.A. Adaptive  Equipment Designer, Institute  on Applied Technology, Bos ton, MA

Abstract

Se l e c ti o n of  t he  mo s t a p p ro p r i a t e  mou nt  fo r  a
por tab le au gme nta t i v e a nd alt ernati ve (AAC)
communication device  can s ignificantly influence
one 's  s uc ce ss and  e ffi c i ency of  co mmunica ti on
using an AAC device.
This paper describes  a process  used to transfer an
Ada pt ive  Equ ipment Des igner 's  p rod uc t des ign.
namely a  laptray mount for portable  AAC devices ,
into the  commercia l marketplace.  This AAC device
mount  did  not  make  it  to marke t.  By  sha ring our
firs thand a ttempt a t a  "technology transfer effort '
we ho pe t o re t race  our  s tep s , e luci date  poss ible
pitfa lls  and provide retrospective  ins ights on ways
in which the  process might have been improved.
Ulti mate ly we hope to cont rib ute  to t he  growing
body of  k no wl ed ge in the area of tec hnolo gy
transfer.

B a c k gr o u n d

Many fact ors co nt r i b u t e to one 's fu nc ti onal
abilit ies to communicate  using an AAC device . One
i mp o r t a nt fa ct or re l a t e s to prov is io ns for
mo u nti ng t he  A A C de v i c e  mo u nt  s o that it  i s
co ns i s te nt wit h ea ch use r's ov e ra l l  ne ed s  a nd
requirements .  Within recent years  the  commercia l
mark etpl ace ha s  wi t ne s s e d the ap pe arance of
many por table  A AC devic es  for persons  who are
non - speaking.  Unfortunate ly there  hasn' t  been a
concomita nt  de vel opment o f i mprov ed mou nti ng
options for these devices.  This paper focuses  on our
collaborative  a ttempts  to transfer a  cus tom des ign
for a n AAC device mo u n t int o co mmerci a l
manufact uring and dis tri bution.

Designer's perspective: C o ns i d e ra t i o ns
influencing decis ion to pursue the  transfer of this
AAC devi ce  mount  int o the_ c omme rcia l ma rket
included as follows:
• within the clinical se tting prototypes  of this AAC
devi ce  mou nt were  po s it ive ly rece ive d b y many
persons using AAC devices.
• i t  was  s trongly fe lt  that provis i ons  to facili ta te
one 's  phys ical and visual access  to AAC devices
wou ld re s u l t i n e a s i e r , mo re eff ic i ent
co mmunic at io n.
Des igner wa s  loo king for a  manu factu ring group
whi ch
• would regard this  AAC device mount as a  positive
addition to their product l ine .
• was  a  leading, res pected manufa cturer of AAC
devices
• had a well - established distribution network

Manufacturer's perspective: Accepting a
product to manufacture  i nvolves  many iss ues .  In
order to properly address  these , we need to review
the p roto type  hand  on and the  drawi ng a nd o ther

do cu me nt at io n. (Since no engi nee r ing d ra wing
existed for this  project, their creation became part
of the  task. ) Doe s  it  fi t  our miss ion and with our
exis t ing produ ct l ines?  Is  i t  co mpat ible  with our
dis tributior channels?  What will  be  proprie trary?
Will we have exclusive rights?  After the  prototype
review, we as k e d . Do o u r Re s e arc h a nd
Development and Service  Departments support i t?
Co nt i nu i ng o n with a bu s i ne s s anal ys is we
cons id ered- Will we need new skills? Is any
i nv e s t me nt ne e de d ? Wha t is t he cos t to
ma nu fa c t u re  i t  a nd  wha t  i s  t he  i m p a c t  o n o u r
present manu factur ing? Is  demand s t rong e nough
to justify entering the  market?

Design  Rat i onale

Even though the  focus  is  on a  technology transfer
process  it  is  impor tant to ha ve some b ackground
on the  actua l cus t om des ign, a  laptr ay mou nt for
portable AAC devices.
Within the  c linical se tting this  laptray mount met
with much interes t and acceptance by many AAC
dev ic e  u se rs .  T hi s  mou nt  was  uniq ue in t hat  i ts
des ign add re ss ed the int era cti on between the
per son a nd their  A AC de vic e , incorpo rat ing t he
following features :
• recessed ca s i ng a l l o wed  t he keyboard to  b e
positioned flush with the laptray surface  to protect
the device but also .
• r ece sse d d evi ce  was  s urrounded  by  ad dit ional
laptray surface  which a llowed for greater forearm
support and also surface  for other materia ls .
• AAC device  could be  angled independent of the
horizontal laptray surface .
• flexible  lid could be  used for device  protection
eithe r protect ing the  keybo ard and /or p rovi ding
accessible sur fac e  for other act ivi tie s , s u c h a s
pagetu ming.

3 i

Fig. 1. Functional SLIDE ON prototype mount
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Going to Market:

Method /Approach

Two different AAC device  mounts , the  SLIDE ON
and the  HA NDS ON,  we re  to b e  e xpl ored .  Init ia l
effor ts  foc us ed  o n the  SLIDE O N ve rs io n as  t he
ma nu fa c t u re r  f e lt  t hi s  mo u nt  had  a  p o t e nt i a l l y
larger  ma rk et and  a l so  that i t  wo uld  be  e as i er to
ma nu fa ct ure .

Thi s project wa s officia lly l a u nc he d in early
February, 1991 when the focus , scope and timelines
we re d e f i ne d a s well a s t he ro le s a n d
respons ibili t ies  of both parties .  Key points  which
were mutually agreed upon included:
• Ma nu fa c t u re r  wo u l d utilize its res ou rc es to
ma nu fa c t u re , ma rke t a nd  s u p p o r t  t hi s  l a p t r a y
mo u nt .
• Ma nufactu rer  wa s  to  cr eat e  drawi ngs  whi ch are
necessary for producing the  laptray.
•  S e l l i ng p r i c e  wa s  t o  b e und e r  $ 1 . 00 0 . 0 0  p e r
la pt ra y mo unt.
• The mid October, 1991 Closing the  Gap Conference
in Mi nne a p ol i s  was  t arget e d a s  t he  d at e  fo r  t he
int rod u c ti o n o f  t hi s  ne w mo u nt . Also pro du ct
Information and pric ing were to be available.
• D e s i gne r  wo u l d  b e pri ma ri ly  r es po ns ib le for
fi na li zi ng fu nc t io na l pro to ty pe , a nd providing
p ro d u c t i nfo rma t i o n to t he ma nu fa c t u re r
r e ga rd i ng po t e nt i a l u s e r s a n d ap p l ic a t io ns
support.
• Pro je ct  pha se s  a nd  t i me l ines  we re  ou t li ne d  a s
seen below.

Phases of the Collaboration
Phase I: Assessment of function and design of AAC
device  mounts .  Primary re spons ibili ty of des igner
with a ss is t ance f rom manufac turer
Bo t h p ar t ie s  wo rk e d c l os e ly  and  c o mmu ni c at e d
regula rly  to  fu rther def ine  fe atu res  of  fu nct ional
prototype. In mid -May, 1991 functional prototype
o f  t h e SLIDE ON mo u nt , incl ud ing its angl e
adj us tab le  f eat ure  was  s hi ppe d to  ma nu fa ctu re r.
Si mu l ta ne o us l y  the  fol l o wing a re a s  we re  be i ng
pursued:
• ma nu fa ct urer 's  l egal  c ou ns el  d ra ft ed  a n init ia l
l icens i ng agre ement.
• de s i gner req ues ted so me upf ro nt mo ni e s to
support continu ed invo lvement
• o ngo ing co mmu nic a t io n b e t we e n d es i gne r  a nd
manu fac turer regardi ng pro duc t mater ia l s , cos ts ,
t o o l i ng, m a c h i n e d r a w i n g s a n d o t h e r
manufacturing re la ted is sues .

Phase  II : Transfer  o f Prod uc t  f ro m De s i gner  t o
Ma nu fa ct urer
Pr i ma ry res po ns ibi li ty of ma nu fa c t u re r with
ass is tance from des igner.
On June 18.  1991 manufacturer generated specific
project t imelines .
A completed functional prototype of the SLIDE ON
mou nt was  ship ped  to  ma nu fac turer in la te  June,

1991. Inc l u d e d were t he ti mel i ne s for t he
ma nu fac tu re  o f pre pro du ct i on prot o ty p es  whic h
we re re q u i r e d d e t e rmi ne fi na l co s ti ng a n d
f i ne t u ni ng of ma nu fa c t u r i ng a nd pro du c ti o n
procedures.  Also these  prototypes  were  scheduled
t o  b e  s ho wn a t  C l o s i ng t he  G a p  C o nfe re nc e  i n
Minneapolis in mid- October. 1991.

Phase III: Ma nu fa c t u re r ' s Dev el op me nt of
Marketing and Applications Support Materia ls
Pri ma ry resp ons ibil i ty of ma nu fa c t u re r with
ass is tance from des igner.

Phase IV: Customization of AAC Device Mounts
Pri ma ry resp ons ibil i ty of ma nu fa c t u re r with
ass is tance from designer.

Resu l ts

Designers perspective:
Up unti l  e ar ly  Oc to be r, 19 91 this  coll abora tion
seemed to be progress ing smoothly with timelines
being me t a s  initi a lly  ou tlined. Howe ver,  as  the
SLIDE ON preproduction prototypes  were  nearing
co mp le ti on t he  ma nu fa ct urer  r ea l ized  t ha t thei r
associa ted inho u s e ma nu fa ct u r i ng cos ts were
cons i de ra bl y hi gher  t ha n i ni ti a l ly  p ro je ct ed .  At
thi s  t i me  t he  ma nu fa c t ure r  r e p o r t ed  a  r e v i s e d
selling price  for the laptray mount which was more
than twice  the  ini tia l  es timate .  Ne edle ss  to s ay.
this  development a ltered plans  for the Clos ing the
Ca p Conference. Ra t he r  t h a n a nno u nc i ng the
SLIDE ON mount as  a  new product in Minneapolis ,
the  ma nu fac t ure r  d e ci d ed  Ins te a d  t o  c o nd u ct  a
ma rk e t i ng su rve y . By inv e s t iga t i ng o t h e r
manufacturing a lternatives  based on s ignificantly
higher sa les  quotas , the  manufacturer was  able  to
reduce the  es timated selling price , but i t  was s ti l l
30% higher than the  initia l  es timate .
Only one week prior to the Clos ing the Gap
Confe rence did the ma nu fa ct u re ' s ma rke t ing
d e p a r t m e n t r e q u e s t m o u n t i nfo rma t i o n,
specif icall y for  purpo ses  o f a  marketi ng su rvey.
The re s u l t s of t hi s ma rk e t i ng survey were
di sc ou ra gi ng wit h the ma jo r it y  o f  r e sp o nd e nt s
s t a t ing tha t  a ny  p r i ce  e xc e e di ng $ 1 2 00 . 0 0 wa s
unacc epta ble . Additionally ma ny  f e l t tha t the
SLIDE ON mount lack ed su ffic i ent flexi bili t y to
satis fy a  wide range of individual needs . As  a  las t
attempt to rescue the  fa ltering AAC device  mount
col lab ora tio n b oth pa rti es  agreed  to  provi de the
ma nu fa c t u re r ' s ne t wo rk with a desc ript ive
videotape and feedback form on the  second mount,
the HANDS ON. Unfor tu na te ly thi s feedback
wa s n' t suff ic ie ntly e nc o u ra gi ng to wa r ra nt
continuation of this  joint effort .

By thi s  t ime  in mi d- De cember  bo th par tie s  had
ma de  s u bs ta nti a l  i nve s t ments  of  b ot h s ta f f and
money. In li ght of  t he  r e l a t iv el y hi gh p ri ce  a nd
limited field support i t  became quite  obvious  that
neither of these  AAC device  mounts  were going to
make it  into the  commercia l market.

The des igner fe lt  that the  following factors  might
have played a role  in the demise  of this "technology
transfer" collaboration:

• Timing: The des igner was  proceeding on the  bas is
of t he ma nu f a c t u r e r ' s c u r r e nt AAC device
mo u nt i ng o p t i o ns .  We  ha d  no knowle d ge  t ha t
s i mu l t a ne o u s to thi s coll abo rat ion t ha t t he
manufac turer  had be en nego ti a t ing wit h a no ther
AAC mount des igner.  If this  information had been
known upfront i t  might have a ltered the  course  of
action.
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This  s ituation would seem to point out the  need for
collaborating parties  to be  hones t and upfront with
each other so that valuable time and money are not
wasted.

• Co mmun ic at io n an d coo rdi na tio n: Despite
recommendati ons  to  invo lve ma rketing and other
departments  early on and throughout the  course  of
this  proj e ct  i t  a pp e ar s  t ha t t he se  ar ea s  were n' t
adequately addressed.
It is  ve ry imp o r t a nt t ha t provis ions exis t for
excellent de s i gner  / ma nu fa ct ue r co mmunic at io n
as  we ll  a s  co mmuni ca ti on b et we en a l l  invo lv ed
staff.

• Project Coordinators: Given that a  c linician with
AAC experi ence serv ed as  the  des igner' s  Project
Co o rdi na t or  a nd  a  de s i gn e ngi ne er  s e rv e d  i n a
s imi liar cap aci ty for t he ma nu fa c t u re r , thi s
dif fe re nc e in b ac kgro unds  a nd  p er sp ec ti ve  may
ha ve  ad d ed  co ns i d era bl y  t o l e s s  t ha n effective
commu ni cat io n.

Manufacturers ' pers pective:
There  are  several reasons  why this  project was  not
success ful.  From the beginning, the  manufacturer
treated it  as  a  Research and Development project
ins tead of a  bus iness  venture.  This  was  due partly
to t he hi s t ory of t he re la ti o ns hi p bet we en
pr i nc i pa l s r e p re s e nt i ng t he de s i gne r a nd
ma nu fa c t u re r whic h resu lted in a n info rmal
working a r r a nge me nt . For this re a so n so me
imp o rt a nt init ia l s t ep s were not compl eted.
Foremost i n the s e s t ep s were pro per ma rk et
analys is  and professional feedback.

Another factor was  that we were  not experienced in
the  type of manufacturing techniques  which were
needed to ma k e the la pt ra ys . Thi s led to
s igni fic antly  u nde re s ti ma ting the  manu fa ctu ri ng
co s t .  We  t hen pu rs u ed  a l t ernat e  manu fa c tu r ing
ap p ro a c he s ,  b u t  we re  s t i l l  u na bl e  t o  b ri ng t he
product to market for the  initial  es timate .

Fo r  a  p ro d u c t  s u c h a s  thi s  l a p t r a y  mo u nt ,  t he
ma nu fa ct u ri ng c o s t  i s  l arge ly  d e pe nd ent  o n the
amount of t ime required to build it , especially if i t
is  p rodu ced in l ow v olume.  F or t his  proj ect,  the
ac t ua l ma nu fa c t u r i ng ti me was half - of t he
prototyping time. In the future  we will use this as  a

tenta t ive  ru le o f  t hu mb in es ti ma ti ng prod uc t
costs.

This  proje ct ha s  sho wn u s  how impo rtant  i t  i s  to
ha ve  p ol ic ie s  and pro c e d u re s  i n p l a c e  fo r  t he
de v el o pme nt o f p ro d u ct s  t ha t c ome  t o  us  fro m
external sources.  This experience has  helped us to
be t te r  d e fi ne  o ur  own s y s t e m for  ha ndl i ng ne w
projects  in the future.

Du r ing t hi s co ll ab orat io n pro ce ss we were
ap pro ac he d by a no t he r developer who ha d
de s i gne d a whe e l c ha i r mo u n t i ng sy s t e m.
Sub s ta nt ia l ly different from thi s AAC device
mo u nt , thi s sec ond sy s t em ha d already been
av ai la bl e  and  was  v ie we d  a s  a  to ta l ly  s ep arat e
pro duc t. As s u c h, info rmat io n re ga rd ing it s
de v el o p me nt s t a t u s wou ld be co ns i de re d
confidenti a l and pro prie tary.  We believ e that we

were tota lly candid regarding a ll  Is sues  that were
relevant to this project.

D i s c u s s i o n

Even though no new AAC device  mounts  succeeded
in ma k i ng it to the commerc ia l ma rk e t bo th
pa rt ie s  agre e  that a  l o t wa s  l e a rne d  fro m t hi s
project. Ou t  o f  o u r j oi nt wi ll i ngnes s  t o  e mba rk
u p o n t hi s v e nt u re we ha ve t he following
rec ommenda tio ns  for fu ture  tec hnol ogy  t ransfer
collaborations :

• Since the technology transfer process seems to be
largely de t e rmi ne d by ma nu fa c t u re r - dri ven
co ns i de rat i ons it would se em benefic ia l for
ma nu fa ct u re rs  t o c re at e  a  T ec hnol ogy  T ra ns fe r
Review committee.
This  group wou ld revi ew all  outs id e  des igns  and
determine whether the transfer process  takes place
or not.

• Es t a bl i s hme nt of effective ongoi ng lines of
co mmu nic a ti o n so tha t bo th part ies have a n
ind ep th u nd ers ta nd ing of ea ch o thers  nee ds  a nd
re q ui r eme nt s . De s i gner s a nd ma nu fa c t u re r s
sho uld define  specific area s  of  knowle dge and
ques tions to be asked.

• Develop solid bu s ine ss , legal a nd financia l
arr ange me nt s .

• Completion of comprehensive market survey.

• Ma nu fa ct urer  ne ed s  to  k no w t ime invo lv ed  i n
fabricating des ign prototype

*Develop specific gu i de l ine s for roles a nd
responsibili ties  of all staff.

A c k n o w l e d g e m e n t s : We  wi sh t o  t ha nk a l l
thos e  i ndi v id u al s  who a ss is t ed  throu gho u t t hi s
collaborative  effort.
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T HERM OST AT DESIGN: THE IM PORT ANCE OF APPEARANCE

Sandra H. Denno
University of Wisconsin -Stout
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AB S T RA C T

This research examines the preferences of individuals
with disabilities and the elderly to one of four
thermostat designs. The results indicate that no
single style of control will be best for all people and a
contro l that can be used I n dif f erent ways  according
to the abi lities of the use r can bene fit  mos t peop le.
The results also show that appearance  can be more
Important than ease of use and that most important is
appearance that is similar to equipment used by
others.

I NT RO D UC T I O N

This research is  one part of an on -going pro ject to
write product design guidelines that will make
common household appliances easier to  use  by the
elderly and people with disabilities. Considerable
research has been performed applying human factors
in the  des ign of contro ls  f or nine ty percent of  the
population (McCormick, 1982). Guidelines are
available with general information for design of
consumer products to increase their accessib ility to
people who are aging or have disabilities
(Vanderheiden, 1991). There is very little information
available concerning the abilities of people with
various disabling conditions as they relate to product
design. Kanis (1988) observed people with arthritis
and  muscular dystrophy operate  their own produc ts
in the ir own home and quantif ied the ir capabilit ies to
turn knobs. Metz (1990) reported the abili ties of
people with arthritis to  turn knobs o f various sizes,
shapes and surface textures.

The purpose of this research is to determine which of
four types of the rmostat designs would be p referred
by people with reduced hand, wrist, or f inger strength
or dexterity, tremors, and /or reduced eyesight due to
aging or disability. Through observation and
participant response it was hoped that insight would
be gained in the direction of universal design for
thermostats  and other household  controls.

M E T HO D

Partic ipants
One hundred nineteen people participated. Each
participant had one of the following conditions
resulting in decreased hand function: neuromuscular
disorders inc lud ing multiple scleros is and cerebral
palsy (n =48); arthritis and carpal tunnel (n =23); spinal
cord injury (SCI) (n =14); and elderly (average age
68.9) with no  known d isabi l ity of  the  hand o r wris t
(n =34).

Apparatus

Four thermostat styles were evaluated. One
thermos tat is  round  with a d iamete r of  3 .7  I nches.
The dial has a diameter of 2.3 inches with a serrated
grasping surface 0.25 inches  high. There are f our
numbers above the dial, a 5, 6, 7, and 8,
corresponding to 50, 60, 70, and 80 degrees and a
large arrow on the  edge of the dial. These numbers
are 0.34 inches high and  slight ly raised and can be
felt by someone with normal sensation in the f ingers.
There are also raised hash marks every two degrees.
This is referred to as the "small dial' thermostat
(Figure 1).

The  "large d ial ' thermos tat is  an adaptat ion o f  the
small d ial model. It has  a large clear plast ic d ial
completely covering the front and sides of the
thermostat base. The dial has a diameter of 4 inches
and a ridged grasping surface 0.7 Inches high. The
large raised numbers are clearly visible but are
covered by the dial and cannot be felt (Figure 2).

The third thermostat evaluated, the "handle ", is also a
modif ication of the small dial thermostat. I t has a 4
inch long plas tic hand le  attached to  the  d ial at the
center of the thermostat and hanging below the base.
The handle is 0.1 inches thick and 0,8 inches wide at
the tip. The  the rmos tat is  adjusted  by moving  the
handle to the right or left (Figure 3).

The last thermostat considered  is refe rred to  as the
"magnifier ". This consists of a common round
thermostat with a dial diameter of 1.75 inches and a
textured rim less than 0.1 inches high. A plastic
magnif ier was attached over the face of the
thermostat two inches away from the dial. This device
is  commerc ially avai lable and was designed  as an
adaptive device for people with impaired vision. This
thermostat is adjusted by reaching under the
magnif ier and turning the dial.

The four thermostats were attached in a  ro w o n a
board mounted on an easel. The height of the board
could be adjusted so the thermostats were either 42
or 60 inches from the ground.

Procedure

Each volunteer was presented the board of
thermostats and given a description and a
demonstration of how each style of thermostat
operated. The  participants were  then asked to  try
each thermostat and indicate which they pre ferred
and why. Participants who had visual or motor
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Figure 1: Small Dial Thermostat

Figure 2: Handle Thermostat

Figure 3: Large Dial Thermostat.

diff iculties were asked to set the the rmos tat at a
specif ic temperature. Part icipants who ques tioned
what was meant by "preferred" were asked to indicate
which thermostat they would  purchase if  given only
these four choices.

Part ic ipants  who  walk al l of  the  t ime evaluated the
thermostats at 60 inches from the ground. Volunteers
who use a mobility device all of the time evaluated the
the rmostats at both 60 inches  from the  ground and
also at 42 inches  from the ground. Participants who
use  a wheelchair or three  wheeler to ge t from one
place  to  another but o f ten stand  to pe rfo rm tasks
evaluated the  thermostats at 42 inches while seated
and at 60 inches while standing.

RE S U L T S

Table 1 shows the percent of participants classif ied by
disability, that prefer each thermostat type.

Table 1
:

User Preferences
Neuro-

A. Style /Disability: muscular { %) SCI( %)
Large dial 41 75
Handle 45 25
Small dial 14 0
Magnif ier 0 0

Neuro-
B. ale  /D isab i l i ty: muscular (%) SCI( %)

Large dial 25 45
Handle 64 55
Small dial 11 9
Magnif ier 0 0

Neuro-
C. Style /Disability: muscular M Jo int( %) Elderly( %)

Large dial 62 54 57
Handle 23 23 24
Small dial 15 19 16
Magnif ier 0 4 3

Table 1. Percent preferring each thermostat style (A)
height =42 inches, participant seated (n =54); (B)
h =60 inches, seated (n =39); (C) h =60 inches
standing, (n =69). Neuromuscular includes multiple

sclerosis, cerebral palsy, and othe r neuromuscular
disabi lities and joint includes data f rom participants
with carpal tunnel and arthritis affecting the hands.

Of all participants tested in any position, the large dial
was preferred in 49% of the responses, the handle in
36 %, the small dial model in 14% and the magnif ier in
1%.

D I S C US S I O N

The  magnif ie r was the  leas t acceptable  thermostat
style. None  o f the  participants  that evaluated the
thermostats at 60 inches while  seated could see or
manipulate  the magnifier. Most volunteers that used
a mobility device could not maneuver into position to
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see the numbers through the magnif ier even when the
thermos tats  were  mounted at 42  inches  and many
were not able to reach under the magnif ier to
manipulate  the  dial . Over 85% of  the comments
regarding this thermostat were  negative. This is an
example of an adaptive device that is unattractive and
of limited applicability.

The small dial generated the least number of
comments. Some participants commented on the
dif f iculty of operation but only one volunteer indicated
that it  was the most attractive.

The handle was identif ied by a number of participants
as  the eas ies t to  use but many indicated that it  "is
unsightly" and looks "disabled ". One participant with
arthritis identif ied the handle as the most comfortable
for her hand whi le a volunteer with multiple sc lerosis
found it painful to use.

Overall , the  large dial  was pref erred  ove r the  o ther
three styles, however, two vo lunteers  with arthritis
found the large dial dif f icult to handle. Although many
comments ref lected ease of use and satisfaction with
the  appearance, one part icipant indicated that she
would  not be  interested  in having one now but may
be interested "when I 'm older and need it ".

An analysis of the researchers observations and
comments made by the part icipants  ind icates that
although the handle seems to be easier or at least as
easy to  operate as the large d ial , i t was cons ide red
less acceptable or completely unacceptable because
of i ts appearance. The  concern about appearance
over function was even more obvious in a comparison
of  the small and large  dial types. The small dial
required  greater force to grasp and turn and  a more
precise g rip and most part icipants  were observed to
operate the large dial with greater ease but the small
dial was listed as preferred in 13 percent of the trials.
Some of the subjects preferred it because "I  don't like
things too easy ", and "I 'm used to one like it ".

Reaction to the large numbers was positive with
volunteers with and those without visual impairment.
Several participants with good vision thought the large
numbers would be helpful to them in low light
situations.

The implication in universal design is to develop
products with controls that can be operated in various
ways accord ing to the ab il ities  o f the use r and that
don't look adapted. As more accessible but attractive
designs fo r controls  are made  avai lable , they wil l no
longer look out of place o r adapted and will become
more widely accepted.
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ABS T R AC T Next, the real develo pment wo rk starts. It can be
characterized as an experimental ergonomic work with

The paper describes the design process from the needs different test models (function models) in direct
analysis to the finished product. The importance of cooperation with the users. By testing the models,
thorough preliminary studies and the involvement of knowledge is built about the movement patterns and
industrial designers is stressed. force resources of the users as well as an understanding

of the users '  physical and mental potential for the
intended activity.

BAC K G R O UND

The development of assistive devices in Sweden is
strongly linked to a socially based system (1).
Funding is available for the innovative and development
process. Small and middle -sized manufacturers can
receive support to cover some of their costs during the
critical period when products go into production (2).
There are well defined purchasers within a limited sector.
The devices are free of charge for the consumer.

Together, these factors have been very important for the
present "social design process" in Sweden. As a
consequence, there has been an opportunity during a
long time to build a knowledge of methodology that we
consider necessary for asuccessful development result.
Product development has now reached such a level that
there is no room for sudden ideas that are quickly pushed
through to a finished product.

T HE DES IGN P ROCES S

The Swedish Handicap Institute is the central
government agency for matters relating to assistive
technology. One of the main functions of the institute
is to c arry out needs analys es describing how persons
with different disabilities live their lives in their own
environment with or without d evices.

The needs analyses are used both asa means to initiate
the development tof new devices (or the improvement of
existing devices) and for providing information about the
problems and possibilities of the users of devices.
However, the needs analyses are not always sufficiently
detailed to provide a complete picture of a specific
development need.

Therefore, pre- studies may need to be performed
before the actual development work can begin. In the
pre - studies, existing devices and other "pilot material"
are tested in real situations in order to stimulate a richer
discussion with the consumers. The pre - studies as well
as the development work are carried out by the designers

(product developers) in order not to lose any knowledge.
The studies often produce functional analyses and other
elements that build a valuable knowledge base for other

projects.

The fo llo wing analysis period d etermines if tests
with new models have to be performed. Occasio nally,
the subjects must test several function models before an
acceptable design is reached.

Our experience shows that a very good knowledge base
and a thoroughly developed methodology are necessary
to successfully carry out these development projects. It
is a very systematic process which does not permit any
shortcuts. There are many " inventors" who have failed
to transfer an idea for a "simple" device into a
satisfactorily designed product because they did not
master the methods of user studies or possess the full
knowledge of the characteristics and the functional
abilities of the final users.

When the device has been given its final design, that is
when function and appearance satisfy the demands of the
users, a hand -made proposed model is presented to
the intend ed manufacturer /marketer. Aproto type is
made, based on which the product is adapted for
production.

PROBLEM FACTORS

The design process can be long and difficult, especially
when developing devices for persons with multiple
disabilities or for severely disabled persons. Public and
private funding support is essential for the development
of good small devices for persons with mobility
impairments. It is precisely for this kind of projects

that it is necessary to use funds without repayment or
profit requirements for pre- studies and development
work.

Companies who take on the marketing of odd devices in
small series can not be expected to carry the cost of a
long development process. It would in rum end up in
unacceptably expensive devices that would not reach the

users.

The purchasers, whether they be the health care system
or the consumers themselves, cannot afford to have the
development cost entirely included in the price of the
individual products.
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However, user studies, needs analyses and pre - studies, are
sometimes difficult to fund from regular sources of
research and development funding.

User studies should be the basis of all development
projects. This is true also for standard consumer
products, mac hinery and innovations in communication
technology. Careles sly and ignorantly designed everyday
products require more than a reasonable time and effort
when used by a person who already has limited
resources. Some persons with disab ilities  may be
totally excluded from using such products (3,4).

To improve the possib ilities for good accessibility,
generally in the common environment and sp ecifically
in adapting housing, worksites as  well as the design of
everyday products, a compilation of facts on the
ergonomic requirements  of persons with disabilites is
needed. A handboo k in "disability ergonomics" as a
complement to other ergonomic literature can b e seen as
a project of great importance both from a human and a
social- economical point of view.

T HE FENIX CANE

As an example, we will bric ny describe the development
of the Fenix c ane. Needs analyses had shown that many
persons experienced the use of existing supporting canes
as painful or uncomfortable. So me users wrapped their
cane handles with a p iece of cloth to make them a little
more comfortable.

Initial studies showed that different types of disabilitic;t
had different requirements. The development work had
to focus upon one group. In this case, persons with
arthritis were selected.

In designing a cane, the goal is to reduce the load on a
painful hip,  knee or foo t jo int. However, this often
causes additional problems of the upper limbs such as
increased pain or deformity.

Before starting the development work, interviews and
practical tests with users were conducted. Hand
positions and walking patterns were studied and
registered. Poor contact betweeen the palm and the
supporting areas of the handle was characteristic for
most existing canes  when used by arthritics. Thus, the
load bearing areas were reduced and the pressure
increased. Notably, the load was often located to the
thumb /forefinger area which explains the considerable
pain that was reported in the thumb and thumb crease.
This was verified b y prints made using paint on the cane
handle. They showed little support on the ulnar side of
the palm.  Existing canes also often separated the fingers
and forced them apart in a painful manner. It is desirable
that the fingers can be flexed together.

Based upon criteria from this investigation, proposals
for new design solutions were made. Several models
were made and tested. A new anatomical handle was
designed which increased considerably the contact area
between the hand and the handle, thus providing better
support. Seemingly small differences can b e of vital
importance for function, safety and comfort, something
that can only be discovered through tests with users.
Each step is recorded to provide evidence that one
solution is better than another.

The final design of the new cane is characterized by:
- Larger load - bearing areas for the hand, without the usual
consequence of the thumb being pushed out of place.
-The tube is placed at the back of the handle which
allows the lingers to be Flexed together.
-Good friction and a soft grip surface enhance the
comfort.
-The angle of the handle is adjustable to each individual
using a ball- and - socket joint.

The cane was made as light- weight as possible, an
important consideration for a person suffering from pain
in the sho ulder joint. A weight difference of as little as
50 -100 g may be important to the user. The tube is cut
Off to the right length for each individual, instead of
having an adjustable length with a doub le tub e. The
cane is also provided with an elastic wrist strap.

The example shows the general truth that many
apparently simple devices need a thorough design
process in order to achieve a satisfactory result.
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Ab stract

This paper describes the nature of a newly created Rehabilitation
Technology Research and Development Consortium designed to
link universities, clinics, consumers, manufacturers and marketers
to  add ress  the rehab ilitat io n techno lo gy needs  o f co ns umers,
while b uilding a s tro nger research b ase to effec tively transfer
relevant techno logy to the ind ustrial sector. The Co nsortium is
to add ress pro blems  relating to seating,  mobility,  prosthetic s,
orthotics, hearing, communication, vision and respiration through
teams in eac h of these areas . It includ es also a Psyc hoso cial
Evaluatio n Team (to fac ilitate meaningful ways  o f c o ns umer
participation and meas ures of iss ues such as  quality of life) and
a Tec hnology T rans fer Unit.

Bac kgro und

Rehab ilitatio n engineering efforts are b eing direc ted largely at
providing opportunities for individuals with disabilities to
achieve greater independence and participation in society, obtain
emp loyment and  enjo y leisure time. App ro priate means  are
needed to ensure that technological develop ments  are most
fruitfully mad e available to  those who  can benefit from them.

The Ontario Ministry of Health supports the provision of
assis tive devices by provid ing 75% o f the cos t of a wide range
of devices and currently expends  about $100 - million per year.
The Minis try has rec ently fund ed a Rehabilitation Technolo gy
Research and Develo pment Consortium with a ten year
co mmitment at  the level o f $1.5- millio n p er year,  whic h the
Cons ortium must augment by $750,000 per year. This must be
done by matc hing funds  acq uired thro ugh grant applic ations
made to  o ther agenc ies and  res ources which the Co ns o rtium
partners themselves c ontribute. T he Conso rtium is  des igned to
link universities, clinics,consumers, manufacturers and marketers
to  add ress  the rehab ilitat io n techno lo gy needs  o f co ns umers,
while b uilding a s tro nger research b ase to effec tively transfer
relevant technology to the industrial sector. Its current
partnerships involve awide spec trum of individual co nsumers,
consumer organizations,  s everal univers it ies and  educational
institutio ns and  their related  c linical facilities includ ing The
Ontario  Institute for S tud ies in Ed uc ation, Ottawa Univers ity,
Queen's University, University of Toronto, University of
Western Ontario and Waterloo University, The Consortium is to
address problems relating to seating, mobility, prosthetics,
orthotics, hearing, communication, vision and respiration through
teams in eac h of these areas . It includ es also a Psyc hoso cial
Evaluation T eam to fac ilitate meaningful ways  o f c onsumer
participation and meas ures of iss ues such as  quality of life, and
a Technology Transfer Unit . A Management Committee
co mp ris ed  o f T eam Lead ers ,  eac h with at  leas t  a 30% time
commitment to  the Co nso rtium,  is to administer the o peration.
Team Leaders in the various  areas are expec ted  to ensure that
team commitments are met. The Consortium, through its
Direc to r, repo rts to an Adviso ry Board invo lving high p ro file
re p re s e nt a t iv e s fro m c o ns u me rs , the s c ien t if ic
community,industry, and service agencies.

Thematic Attributes

23.4

The ess ential purp o se o f the Co ns o rtium is to  enhanc e the
quality of the lives of persons with disabilities, their families and
communities. For its impact to be felt, Co nsortium endeavours
must relate to outcomes in terms of one or more of the following
thematic attributes:

EMPOWERMENT of the person; assurance of the DIGNITY of
the perso n; enhanc ing the INDEP ENDENCE o f the p ers o n;
assuring S AFETY for the perso n and the community;  as suring
RELIABILITY of developed devices and systems; and,
enhancing the SOCIALIZATION of the p ers on.

Seating

Two pro jec ts are involved init ially:
11 Further develo pment and clinic al evaluation of a

modular ad justable s eating sys tem.
2] Development of restraint systems for transporting

perso ns with physical dis abilities  in motor vehic les.

Mo b ility

The research fo cus for this area is : Mob ility, agility and d evice
contro l in the ho me and  co mmunity.

Pros thetic s  and  Ortho tic s

This is a team combining efforts  in the two  areas. Four projects
are invo lved:
11 Func tio nal neuro mus cular stimulatio n using injectable

stimulators.
21 Modular ankle -foot orthoses for children.
31 Programmable auto calibraling myoelectric control

system.
4] Develo pment of new energy recovery belo w -knee and

above -knee prostheses.

Hearing

Two projects are of concern:
11 Electroacous tic evaluation of hearing devices.
21 New systems  for fit ting hearing d evic es.

Co mmunic atio n

This  team's  projec ts relate to the develop ment of multi -mo dal
augmentative c ommunication technology with emphasis on low
resolution headpointing and face- to-face expression of non - verbal
aspects of co mmunication.

Vision

The two projects in this area are:
11 Spectacle -borne autofocus low vision telescope research

and development.
21 An electronic read ing and reference package.
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Res p iratio n

This research focuses on the evaluation of mechanical ventilatory
support devic es with a view to better understanding their
effec tiveness , safety, reliab ility and ap plic atio n with a view to
furthering their d es ign and d evelop ment. Two specific projects

are:
1] Info rmation system regarding the impact of home

ventilat io n.
21 Application of inno vative non - invasive ventilator

technolo gy.

Psychosocial  Evaluation Team (PSET)

Res earch pro grams are to b e p urs ued  to  aid the Co nso rtium in
assuring effec tive cons umer invo lvement. In addition to
promoting and s tudying mechanisms for such involvement using
techniques  s uch as fo cus  gro up s,  epid emio lo gical and  s urvey
research, and solicitation of input from fo rmal consumer groups,
a projec t co ncerning the establishment of a telecommunications
network is p ropo sed. A second majo r p roject  is  to  inves tigate
the p o tential o f c urrent q uality o f life ins truments  and their
appropriateness  fo r us e b y the Co nso rtium's  teams.

Tec hno lo gy T rans fer Unit

This unit is designed to interact with all of the research
teams,including PSET and the industrial/co mmercial secto r with
a view to assuring that developed assistive devices and
technological systems can be mad e availab le as  q uic kly as
poss ible for the benefit of consumers. The unit  will undertake
technology assessments; facilitate prototype develo pment,
fabrication and testing; create product literature, including
manuals and relevant technical and user information; and
facilitate the ac quisition o f patents, copyrights and the iss uance
of licences,and exp edite legal p roces ses.

Evaluation

The Conso rtium will review its pro gres s annually and report on
this  along with each s ubs eq uent year's plans to  the Advis ory
Board. Its experiences  will be shared as widely as  possible with
a view to expanding upon its possible successes in other locales.

Co nc lusion

It  is ho ped  that  the mo d el d es c rib ed  in this  p ap er will be o f
value to  others who are co nc erned with the s pectrum of effo rt
required in assuring that rehabilitative technolo gies reach those
peop le who  need them as exp editiously as  pos sib le.

Mo rris (Mic key) Milner
The Hugh Mac Millan Rehabilitation Centre
350 Rums ey Road  To ronto, Ontario
CANADA M4 G 1 R 8
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A Coherent Approach for the design and development of assistive devices for elderly and
disabled consumers.

Robert Brown ,Brunel Institute for Bioengineering.Brunel University. Uxbridge Campus
David K Wright.Brunel University.,Runnymede Campus.Egham.West London.U.K.

We report on the development of a system for
the design ,development , prototyping ,
evaluation and manufacture of devices for a
wide range of elderly and disabled consumers
at the Brunel Institute for Bioengineering.

Introduction.
The Institute ,set up in 1983 is a self financing
organisation w ith expertise in developing
design concepts at the interface between
biology, engineering and medicine.A
multidisciplinary team approach to problem
solving allows it to adopt a lively and innovative
approach to design for rehabilitation. It is based
on the universi ty campus and,has
collaborations with departments within the
University although its finance originates in the
main from chari table organisations and
commercial research contracts.

Consumer Products.
In the institute's Rehabilitation Engineering unit
the products under development are aptly
described as "Tools for Living "1 rather than
aids for the disabled ,there is an implication
that disabled people simply lack the
appropriate tools.ln addition to disabled people
suffering from diseases such as Motor Neurone
disease ,Cerebral Palsy,Multiple Sclerosis we
are concerned with the development of tools
for elderly clients.Here we are particularly
concerned with products which enhance the
quality of life of this segment of the population
increasing independence through the

application of technology.
Many of our past products have been

developed in response to a specific user need
identified through consultation with clinicians
and users an application is then made for
funding research and development by
submitt ing a proposal to an appropriate
medical or private charity.We are developing a
more generic approach to problems which will
allow a solution to be used in a number of
different situations.This is not to be taken to be
the same approach as that which adapts a
solution from one area to give a solution for a
new client group.The design from concept
stage takes account of likely applications and
incorporates this flexibility and adaptability into
the product.
Traditionally a request has been generated by

23.5

a group of users who may be linked through a
relevant chari ty.After discussion and
subsequent analysis a set of needs is identified
and a proposal for research and development
is made.Once the design and development
work is underway the devices are evaluated
with the intended users at every stage of the
design and development process and the
resul ts statistically analysed.By the time a
product is proposed to a manufacture it will
have gone through several design
prototypes, Unfortunately this approach does
not take account of other user groups and for
them much of the process has to be repeated.

Production
Inevi tably much of the manufacturing
especially at the early stages ,is concerned
with one off prototypes or short production
runs.l f i tems are to be produced in large
quantities then commercial manufactures are
involved at the earliest possible stage in the
design process.

Model.
The diagram shows how our approach differs
from tradi tional design and man -
ufacture.When a need is identified ,perhaps
through a user group the system responds by
accessing a database to put the user group
into context.This is fol lowed by the usual
design processes as identified in an earlier
paper 2.W e emphasise the importance of
computer aided design and associated
databases ;the database involves inputs from
clinicians and users as well as rehabilitation
engineers.The data may be held in a variety of
cross referenced files or a hypertext
multimedia system.The system allows the
designer to find information on the needs and
requirements of a particular client group but
this can be supported by accessing information
on other c l ient groups as wel l  as related
/existing products. This technique al lows
anthropometric information to be used without
the need to continual ly repeat
measurements.When user trials are involved,
information from users may be stored for future
use ,especially in a cross reference system so
that al though the original request came
perhaps from a single user the needs of others
are readily available.
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PROTOTYPES

MANUFACTU

Our development system makes use of the
Delcam Duct CAD system ,a 3D engineering
design  sui te  ,whi ch is based  on a spine
system, allowing complicated doubly curved
surfaces to be drawn.For the conceptual
stages of design this can be interfaced with
the ALIAS surface modelling package which
has high level surface rendering and animation
capabilities.ln this context we emphasise that
concept is influenced by technical
considerations as well as by visual impact and
the ini tial stages of the design process in
rehabilitation engineering are concerned with

both aspect s,.Accordingly ,development tools
such as Aries Concept Modell ing with
interfaces into ADAMS and ANSYS are
available to complement the form and texture
design possible with ALIAS -The ADAMS suite
of software is particularly useful  for the
dynamic and kinematic analysis of mechanical
systems since i t al lows the designer to
consider the implications of a range of
mechanisms.
This modelling facility enables the rehabilitation
engineer to avoid the need for extensive
prototyping with the inevitable cost implications
in materials and time3.One valuable aspect of
this change is the use of feedback from users
to change the design at an early stage, with
reduced trial and error and to obtain
anthropometric data from user trials of
prototypes.
Suppose ,for example that a mechanical
device designed using such systems did not
give the results expected.This would allow the
designer to refine the data being used in order
to redesign the device. An arm support system
might be designed assuming a certain set of
arm constraints and allowed forces but the
result might well indicate that these
assumptions were in error.Equally because of
the progressive nature of diseases such as
Motor Neurone Disease many designs have to
take into account likely changes in constraints
etc.This implies a consideration of possible
adjustments to the mechanical device with the
need for a design system which can make
such judgments possible on an individual basis
and for the whole range of possible variations.
Manufacture.
We have already identi f ied the need for
flexibility in design solutions so that devices
and systems can cope with individual
requirements This may be in conflict with
requirements of economic manufacture which
invariably emphasise the desirabil ity of
uniformity in production runs.
Through CAD CAM packages such as ALIAS
and DUCT it makes it possible to place equal
emphasis on both the visual and functional
aspects of a proposed solution w ithin the
context of manufacture and marketing. With
the DUCT machine path generation software
one can, proceed to production of either
prototypes or small scale batches.The decision
between the use of CAD/ CAM or traditional
manufacture depends on the form of the device
as well as oost.ln some applications such as
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presentations to user groups ,clinicians and
manufacturers,it may not always be necessary
to produce a physical model.For this and for
use for spatial fit tests, for which a solid object
model is desirable , the technique known as
stereolithography (SLA) may be appropriate.ln
the SLA technique the required form is
modelled from the CAD package in
polymerised plastic resin.The polymerisation
being achieved through the use of a
Iaser.Although such systems are expensive,
they can be shared or perhaps hired ,so that
the occasional user should not have to invest
large capital outlays.ln any event i t seems
likely that the cost of such systems is likely to
continue to fall rapidly.

Case Study
Earlier this year we decided to focus our
attention on the kitchen environment,as we
identif ied this area as having the largest
concentration of "specialist tools " and
equipment in the domestic environment.The
exercise also highlighted the extent to which
we use our hands to control our environment.lt
follows that when hand disfunction does occur
then use of the ki tchen is severely
curtailled.This is the case for many thousands
of arthritis sufferers who experience great
difficulty and pain when preparing,cooking and
serving food. We discovered from
demographic data that individuals with an
arthritic condition form the largest group within
the disabled population with a hand
dysfunction.. Discussions with Arthritis Care
identified two main groups: a numerically large
group of elderly arthritics and a smaller group
of Rheumatoid Arthritics.The latter group would
benefit from new products in a different way to
the more elderly group since they were often
involved with employment and with younger
families.We focussed generally on pans and
cookware and specif ically on pan
handles, discovering that very little research in
relation to anthropometric and ergonomic data
existed. Drury4 has discussed the forces
acting on the hand when exerting a grip as on
a handle.ln a mainstream power grip the hand
would be in a supinated position with the hand
in a vertical  plane This transmits a large
compressive load through the lower wrist to the
ulnar forearm bone with the load acting about
the central capitate wrist bone.
In a Rheumatoid hand there is dysfunction due

to joint swel ling and weak ening of  the
supporting ligaments with erosion and
crumbling of the bone itsel f.This leads to
deformity,weak grip ,dislocation and severe
pain. Discussions with Rheumatologists and
specialist O.T's. indicated the need to carefully
consider the forces and to reduce the
compressive forces on the wrist. W ith this in
mind the hand is to be used in a pronated
position and the the index and middle fingers
used to lift the Ioad.To improve stability the less
dominant hand would be used to lift the other
side of the load thereby reducing the load on
the main grip hand.The second hand would be
in a supinated posi tion but using the
metacarpal of the index finger to reduce the
load distance from the wrist and the forearm
could be used to further reduce loadings.
The handle designs ,based on these ideas ,so
far developed in collaboration with users and
clinic ians as described above , have been
based on anthropometric and biomechanical
data.As the handles are evaluated so this data
will be updated for  future use.They are
currently being evaluated as indicated above in
conjunction with c l inic ians. Al though the
designs will be specific to a particular user
group they are seen as being accessible and
desirable to a wide range of users . With a fully
developed CAD system as described earlier
the detailled forces involved can be determined
and optimised.lt will then be possible to modify
the design ,analyse the modifications and
rapidly prototype w ith confidence.This is
currently under development.
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A Model Regional Committee on Rehabilitation Engineering and Technology

James A. Lenker* and Patrick M. O'Quinn **
*Center for Therapeutic Applications of Technology, University at Buffalo

* *Rehabilitation Association of Western New York
Buffalo, NY

ABSTRACT

In January 1991, the Rehabilitation Association of
Western New York ( RAWNY) formed a sub - committee
for the purpose of fostering increased interaction
between the rehabilitation and engineering communities
in the Western New York region. The Rehabilitation
Engineering and Technology Sub - Committee met six
times during 1991 and established itself as a dynamic,
growing entity within RAWNY. Replicating this
committee model could ultimately improve the transfer
of technology from industry to the rehabilitation
community, as well as increase the number of engineers
who choose to specialize in rehabilitation engineering.

BACKGROUND

The engineers who are involved in RESNA comprise an
extremely small niche within the  broader engineering
profession. Engineers who are educated and employed in
traditional disciplines have little  knowledge about the
needs of the rehabilitation community. Likewise, the
rehabilita tion professionals who are involved in
RESNA represent a small fraction of their respective
professions. Most "traditional" rehabilitation
professionals have only a vague idea of the potential
benefits of engineering technology.

The Rehabilitation Association of Western New York
( RAWNY), l ike its parent organization the National
Rehabilitation Association, is a, "private, non - profit,
voluntary organization and strong lobbying force for the
advancement of rehabilitation for all persons with
disabilities." Its membership is comprised of
rehabilita tion profess ionals, primarily rehabilita tion
counselors. RAWNY formed the Rehabilitation
Engineering and Technology Sub - Committee in January
1991 to develop links between the rehabilitation and
engineering communities in Western New York.

The table below shows the charter membership.
Diversity in technical disciplines, education levels, and
industries represented on the committee was a
consideration in filling out the committee.

Discipline Education IndushrX
Mathematics Ph.D. Defense
Computer Science Ph.D. Defense
Mechanical Engineer BSME Toys
Rehab Engineer MSME Ass't Prof.
Software Engineer BSEE Electronics
Electrical Engineer BSEE Electronics and

software.
Chemis try Ph.D. Defense
Rehab Counseling BA, CRC Mental Hith
Rehab Counseling MS, CRC State  OVR

" Ph.D., CRC Rehab Tech.
" Ph.D., CRC Ass't. Prof

Discipline Education Industry
Occupational Therapy M.S. Grad. Student
Business Ph.D. Dental

OBJECTIVES

The President of RAWNY developed a preliminary
mission statement for the sub- committee that was subject
to further input and slight revision by the RAWNY
Board of Directors and members of the subcommittee.
The final, board- approved mission statement for the
Rehabilitation Engineering and Technology Sub -
Committee included a broad set of long term objectives.
These were to:

1. Explore and develop methods that will enable
effective interfacing between participants from the
technological and rehabilitation communities.

2. Assess the status of the rehabilitation community in
regards to technological knowledge and use.

3. Develop strategies to strengthen rehabilitation
practitioner and consumer understanding and use of
technological equipment.

4. Suggest training opportunities to facilitate the
application of technological advances to rehabilitation

venues.

5. Familiarize engineering and business professionals
and students with techniques and opportunities in
rehabilita tion.

6. Serve as consultants to the local community regarding
availability and application of existing technological
equipment.

7. Identify gaps in existing technology.

8. Create strategies for effective and /or creative
technology transfer.

9. Serve as technological resources, if needed, for people
with disabilit ies.

Initial committee objectives were: 1) share professional
and personal interests in rehabilitation engineering, 2)
share information to educate engineers about issues in
rehabilitation and educate rehabilitation professionals
about technical developments in industry, 3) develop a
set of ethical guidelines for the sub - committee, 4)
develop a plan for recruiting additional sub - committee
members from the engineering community.
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METHODS /APP ROACH

Since most members of the Rehabilitation Engineering
and Technology Sub - Committee had not met prior to
formation of the sub - committee, the initial meetings
were "get acquainted" sessions. Meeting sites rotated to
include the companies and agencies of as many sub-
committee members as possible. Sub - committee members
are encouraged to host meetings to acquaint other
committee members with the work that they are doing.

The early meetings revealed that the sub - committee
needed a common background of knowledge from which
to proceed as a group. Subsequently, information on
rehabilitation and assistive technology was provided in
the form of article reprints and hand -outs to all
committee members. Rotation of meeting sites served a
similar function of developing common group experience.

Ad hoc "sub- sub - committees" were formed to develop
ethical guidelines for the sub - committee and to outline
goals for recruiting additional members.

RESULTS

The Rehabilitation Engineering and Technology Sub -
Committee met six times during 1991. By the end of its
first year, the sub - committee had developed a solid
base of membership for building future activities. The
sub - committee developed its own mission statement, is
establishing a set of ethical guidelines to define member
conduct, and has begun looking at member recruitment
through regional chapters of engineering societies. The
Executive Board of the Rehabilitation Association of
Western New York thought highly of the sub-committee
and approved a year -end constitutional amendment
stipulating that the sub- committee have official status

as a permanent committee within RAWNY.

DISCUSSION

Now that the initial phase is completed, the committee
is developing specific opportunities to reach out to the
community. One suggestion is to have the committee act
as an informal "sounding board" of interdisciplinary
consultants to undergraduate and graduate students
involved in assistive device design projects. This has
great potential for students, consumers and committee
members alike. Students could learn from practical
design suggestions and perhaps incorporate technology
that is already being used into their designs. Consumers
would benefit from better device designs. Finally, the
committee members could gain satisfaction from making
a contribution to technology transfer. A second
suggestion is to have the committee also act as a
sounding board to small companies who are developing
assistive technology products. Again the committee
could foster improved technology transfer to smaller
manufacturers.

The role of the Rehabilitation Engineering and
Technology Committee will remain one of education and
not product development. A basis for interaction has
been established that will yield many tangible benefits
in the years to come. Many industries are feeling the

concomitant effects of the current recession and a
scaledown of our domestic defense effort. Predictably,
many companies are exploring new avenues of product
development. Committees modeled after this one, if
widely replicated, would heighten awareness of the
technical needs present within the rehabilitation
community. Through direct consultation one would
expect to see improved technology transfer between
industry and rehabilitation. Lastly, the Rehabilitation
Engineering and Technology Sub - Committee model
would no doubt draw a number of engineers from
"traditional" disc iplines  into the rehabilitation
engineering field, and this development would
strengthen the role of our discipline in the long run.

James A. Lenker
Center for Therapeutic Applications of Technology
University at Buffalo
515 Kimball Tower
Buffalo, NY 14214
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Cognitive Predictors of Successful Powered Wheelchair Control in the Very Young Child

Donita Tefft MA, CCC -SP, Jan Furumasu BS, PT, Paula Guerette, PhD
Rehabilitation Engineering Center on Technology for Children

Downey, California USA

Abstract

Currently, there is little information available to
therapists to indicate when a young child is
cognitively capable of driving a powered
wheelchair. This project seeks to identify  the
cognitive prerequisites to successful powered
mobility in young (18 -36 months), physically
disabled children. Developmental skills which
incorporate concepts acquired during Piaget's
sensorimotor and early preoperational stages will
be evaluated. Developmental skills will be
associated with performance on a wheelchair
driving test. Forty five cognitively intact children
with severe physical disabilities will be evaluated.
Information will be used to determine
appropriate cognitive skill levels prior to placing
a child in a wheelchair, to provide an age
appropriate driver training program, and to
provide documentation of wheelchair driving
ability for funding purposes.

Background

Over the past ten years, research has documented
the developmental and psychosocial benefits of
independent mobility for the severely physically
disabled child (1,2). These benefits include
improved self image, increased ability to
participate in educational programs, and
improved cognitive, social, and communication
development (e.g., 3,4). Children as young as two
years old have demonstrated the ability to
operate a powered wheelchair safely with
supervision (5,6).

There are a number of factors identified by
clinicians which appear to influence a child's
ability to drive. These factors include physical
access, cognitive "readiness" in a number of skill
domains, temperament, and dynamic integration
of sensory input, motor control and cognitive
processing. Improved pediatric power wheelchair
technology has eliminated physical access as an
impediment to driving. Cognitive capabilities, on
the other hand, have been more difficult to
evaluate in the very young, physically disabled
child. Temperament also appears to influence
successful driving performance. Anecdotal
evidence indicates that children who are

attentive, persistent, and motivated to  perform
tend to be more successful powered wheelchair
drivers. Finally, dynamic sensory-motor
integration, which entails perceiving and
processing stimuli, motor planning, and reacting
appropriately in a timely manner while moving in
space, also contributes to successful wheelchair
driving.

Statement of Problem

Currently, no battery of tasks exists to evaluate a
child's cognitive readiness to drive a powered
wheelchair successfully. Apart from actually
placing a child in a powered wheelchair and
evaluating his or her dynamic performance, it is
often difficult for therapists to determine whether
or not a child has developed the cognitive skills
necessary for driving. In addition to these
cognitive skills, aspects of the child's
temperament must also be considered. The
objectives of the project are: 1) to develop an
assessment battery which evaluates a child's
cognitive readiness to drive, 2) to determine the
influence of temperament on wheelchair driving
success, and 3) to develop an age- appropriate
wheelchair driving program to teach powered
wheelchair driving skills to very young children.

Approach

Input from developmental specialists and
professionals experienced in early powered
mobility  was obtained in order to identify the
cognitive domains relevant to wheelchair driving.
The primary areas identified were problem -
solving, spatial relations, symbolic play and object
permanence. Next, an in -depth literature review
was conducted in the areas of pediatric powered
mobility and cognitive development. This
information was used to develop a battery to
assess the four areas identified above (2, 7, 8, 9).
The battery, which incorporates schemes acquired
during Piaget's senorimotor and early
preoperational stages, will assist in the evaluation
of the cognitive skills needed for successful
powered mobility. Activities and toys used in the
battery have been modified to accommodate to
the motoric disabilities of the children. Finally,
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a measure of each child's "temperament ",
including factors such as perseverance and
frustration level, will also be gathered (10).

A powered wheelchair driving training program
has also been developed. This program will test
basic driving skills as well as integration of these
skills in different environments. The driving
training consists of sessions progressing from
basic skills  such as driving in a straight line, to
performance in community settings with
supervision.

The developmental assessment will be given prior
to the wheelchair training program, and will
subsequently be compared to the results of the
final driving evaluation. This information will be
used to determine the cognitive skills required for
successful powered wheelchair driving.

Forty-five children between the ages of 18 -36
months will participate in the study. All children
will have severe physical disabilities that limit
independent mobility but will demonstrate age
appropriate cognition and learning abilities.
Medical diagnoses will include muscle disease,
spinal cord injury (quadriplegia), and congenital
disabilities such as arthrogryposis or osteogenesis
imperfecta.

Discussion

Independent mobility allows young, physically
disabled children to be integrated into
appropriate educational programs which can lead
to enhanced psychosocial and cognitive
development. It is anticipated that the
assessment battery will identify the cognitive
prerequisites to successful powered wheelchair
mobility. These cognitive skills can be targeted
and deve lo p ed th rou gh ap p ro p r ia t e
developmental activities administered by
therapists and parents. Continued documentation
of the importance of cognitive assessment for
powered mobility will supplement clinical reasons
for the provision of power wheelchairs to funding
agencies and insurance carriers.

Future Implications

Establishing baseline cognitive skills for physically
disabled children who are cognitively intact may
be useful for other populations. This assessment
may be valid  for the developmentally disabled

individual, since studies have indicated that
development occurs in the same sequence but at
a different rate for that population (11).

For some populations who demonstrate adequate
cognitive and motor skills for wheelchair driving
(e.g, cerebral palsy), failure in dynamic
wheelchair driving tasks may be due to  other
factors such as difficulty integrating sensory,
motor and cognitive skills. The dynamic
integration of skills is essential but is difficult to
isolate as a factor affecting performance.
Demonstrating adequate cognitive skills may help
to isolate integration problems if these individuals
fail in a dynamic driving test. Further research is
needed in order to provide the appropriate
intervention strategies for those with both
cognitive (i.e., integration) and motor deficits.
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Validation of a PC -Based Perspective -View Wheelchair Simulator

A. Todd Lefkowicz, Sullivan Diagnostic Treatment Center, Harris, NY
Walter W. Wierwille, Virginia Polytechnic Institute and State University,

Blacksburg, VA

Abstract

A PC -based perspective -view
electric wheelchair simulator
prototype has been developed to
enable therapists to prescribe
electric wheelchair control
interfaces better. The purpose of
this study was to validate the
wheelchair simulator by comparing
user performance with the simulator
to user performance with an actual
wheelchair. Four spinal -cord
injured and four able- bodied
subjects navigated the simulator
and an actual wheelchair through
similar courses. Analyses of
variance were performed on
performance measures such as Root
Mean Square (RMS) path deviation,
maximum path deviation, number of
path crossings, completion time,
and position in forty -five and
ninety degree turns.

Background

There are a great number of control
interfaces available for electric
wheelchairs. Because the
suitability of a control interface
is dependent both upon the
characteristics of the control and
the disabled user, the prescription
of an interface for an individual
is a non - trivial task.

The use of simulator has many
potential advantages over the use
of an actual wheelchair in the
testing of a control interface.
First of all, the simulator may be
less expensive to obtain and
operate than an electric wheelchair
set up to accept a large number of
control interfaces. Also,
performance parameters could be
more easily modified using a
simulator. Quantified performance
data are difficult to obtain using
an electric wheelchair. A computer
based simulator could collect
quantitative data as it were
driven. It would also not need a
large amount of room in which to
operate.

A second major benefit of a
wheelchair simulator is that of
increased safety. A wheelchair
user would not be injured by a
simulated collision. A therapist
could safely try a number of
control interfaces. With increased
safety, user apprehension or fear
might have less of a negative
influence on performance.

A number of wheelchair simulators
have been developed. A
perspective -view simulator was
found to be a good predictor of
high speed wheelchair performance
when performance was measured by
number of collisions with the sides
of a six foot wide course (Jarvis,
Lotto, Staub, Young, and Verburg,
1987). McLaughlin, Scott - Taplin,
Mathews, and Smith (1989) report
another simulator that has been
developed to assist with user
training and evaluation.

Research Questions

To demonstrate the usefulness of a
simulator in predicting wheelchair
performance, it is important to
show that user performance on the
simulator was not significantly
different from performance on an
actual wheelchair.

Method

A course was laid out using border
tape on the floor of a large room.
The course contained straight
sections of path, forty -five degree
turns, and ninety degree turns.
Subjects were asked to drive an
Invacare Rolls Arrow as quickly as
they could twice around the course,
while maintaining accuracy.
subjects were also asked to drive a
PC -based simulation of the Invacare
Rolls Arrow around a simulated
course of the same dimensions. Two
versions of the simulator were
developed for this experiment. The
"on Simulator" gave the user the
visual perspective of sitting in a
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wheelchair. The "Behind Simulator"
gave the user the visual
perspective of being behind the
wheelchair so that the position of
the rear wheels could be seen
relative to the simulated course.

A spring loaded, paint -based crayon
attached to the center of the
wheelchair was used to trace the
path taken by the subjects as they
followed the course. From this
trace, positional data, measured
from the center of the course to
the nearest quarter inch, was taken
every six inches. The same
positional data were recorded by
the simulators automatically as
they were driven.

Performance measures were derived
from these positional data,
The performance measures include
RMS deviation from the center of
the path, maximum deviation from
the center of the path, number of
times the center of the path was
crossed, position of the wheelchair
in forty -five and ninety degree
turns, and time taken to complete
two laps around the course.

Results

The mean RMS deviations for both
the on simulator (3.6 in.) and the
behind simulator (6.7 in.) were
significantly different from the
mean RMS deviation for the
wheelchair (5.1 in) at p <0.05. The
Pearson correlation coefficient was
calculated to be 0.716 for the on
simulator scores paired with the
wheelchair scores and 0.746 for the
behind simulator scores paired with
the wheelchair scores.

The mean maximum deviation scores
for the on simulator (12.0 in.) and
the wheelchair (13.8 in) were not
significantly different from one
another. However, the mean maximum
deviation score for the behind
simulator (18.1 in.) was
significantly different from the
other two at p<0.05. The maximum
deviation scores for the on
simulator were correlated with
those of the wheelchair with a
correlation coefficient of 0.458.
The maximum deviation scores of the
behind simulator were correlated
with those of the wheelchair with a
correlation coefficient of 0.550.

The mean number of times the center
of the course was crossed was not
significantly different for any of
the three devices. The mean score
was 12.0 for the on simulator, 11.6
for the behind simulator, and 12.4
for the wheelchair. Interestingly,
when scores for the on simulator
were paired with scores for the
wheelchair, a correlation
coefficient of -0.400 was
calculated. When the scores of the
behind simulator were paired with
the scores of the wheelchair, a
correlation coefficient of -0.063
was obtained.

The position of the wheelchair in a
forty -five degree turn, measured
toward the inside of the turn from
the centerline of the course, was
the fourth performance variable
recorded. The mean score for the
on simulator (7.84 in.) was not
significantly different from that
of the wheelchair (6.81 in.) or the
behind simulator (5.13 in.). The
on simulator scores correlated with
the wheelchair score with a
correlation coefficient of 0.164.
The behind simulator scores
correlated with the wheelchair
scores with a correlation
coefficient of 0.113.

The mean position of the device in
a ninety degree turn for the behind
simulator (6.3 in.) was not
significantly different from that
of the wheelchair (9.3 in.).
However, the mean position of the
on simulator (17.2 in.) was
significantly different from the
other two. The scores of the two
simulators were not well correlated
with the scores of the wheelchair.
The correlation between the on
simulator and the wheelchair was
0.024. The correlation between the
behind simulator and the wheelchair
was 0.232.

The final score examined was the
time taken to complete two laps
around the course. The mean score
for the on simulator (40.9 s.) was
not significantly different from
either the mean score of the
wheelchair (38.49 s.) or the behind
simulator (44.12 s.). However, the
mean scores for the wheelchair and
the behind simulator were
significantly different from one
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another at p<0.05. The scores for
the on simulator correlated well
with the scores for the wheelchair
with a correlation coefficient of
0.766. The scores for the behind
simulator were correlated to those
of the wheelchair with a
correlation coefficient of 0.542.

Discussion

Many subjects reported anecdotally
that the simulators did not model
enough inertia. Subjects also felt
that the behind simulator was more
difficult to drive than the on
simulator. The significant
difference between the mean RMS
deviation for the on simulator and
the wheelchair may have been due to
the greater inertia of the
wheelchair. Deviation of the
wheelchair from the course was more
difficult to correct because the
user would tend to over - correct.
While the behind simulator had the
same amount of simulated inertia,
it was reported to be more
difficult to drive than the
wheelchair because of its visual
perspective. Although the mean RMS
deviations were significantly
different, the mean scores of the
on simulator and the behind
simulator differed from that of the
wheelchair by only 1.5 inches and
1.6 inches respectively.

The maximum deviation scores for
the on simulator and the wheelchair
were similar. These scores were
not as greatly affected by inertia
as by visual perspective. The
behind simulator yielded maximum
deviation scores which were
significantly larger than the other
two devices.

The number of times the centerline
of the course was crossed did not
prove to be a sensitive measure of
performance. None of the
treatments had any significant
effect on this dependent variable.

Neither simulator performed
significantly different from the
wheelchair in forty -five degree
turns. However, the on simulator
performed significantly different
from the wheelchair in sharper
ninety degree turns. This

difference is thought to be due to
the limitations of the display.
That is, the user of the on
simulator cannot see the position
of the rear wheels with respect to
the course, whereas the user of the
actual wheelchair or the behind
simulator can look downward for
visual reference. The individual
scores for position in turns had a
large amount of variance. Thus,
the correlations between scores
obtained from the simulators and
those obtained from the wheelchair
were low.

The mean time taken to complete the
course was similar for the on
simulator and the wheelchair.
Although the mean time taken to
complete the course for the behind
simulator was significantly
different from the wheelchair at
p<0.05, the actual mean difference
was only 5.6 seconds.

Although some statistical
differences were found between the
performance measures obtained from
the simulators and the wheelchair,
the absolute value of these
differences were usually small
enough to be considered acceptable.
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24.3 The Sliding Disk Control Interface
A Successful Technology Transfer
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Institut de r6adaptation de Montreal, Montreal, Qc, Can.
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ABSTRACT
A control interface for powered
wheelchairs has been designed, that
simplifies the movement needed to
operate it and offers stable support
for the user's limb. This device is
most often operated with the foot.

The device originated and was
fabricated at a rehabilitation
hospital. It presented many
characteristic that made it an
interesting prospect for broader
commercialization.

The device was used and evaluated by
seven cerebral palsied users. A new
design, based on the original
conc ept and suitable for
manufacturing, was created in
association with a wheelchair
company.

INTRODUCTION
Two years ago, the technical

a i d s d e p a r t m e n t of th i s
rehabilitation hospital created an
innovation program to encourage the
emergence of new ideas within a
structured framework. One of the
main object of this program was also
to associate with manufacturers in
the field to bring projects with
potential for commercialization,
from a concept stage to production.

This is what happened with the
sliding disk control interface for
powered wheelchairs ". This project
originated at the rehabilitation
hospital. It was successfully
brought to term in collaboration
with a local wheelchair company.

The sliding disk control
interface is an alternative to a
conventional joystick. The concept
is based on the translation of a
disk in a single plane area instead
of th e joystick's handle
displacement in a spherical area.
The control is mostly operated by
foot but can also be controlled with
the upper limbs. The device is
modular. The first module consists

of the sliding disc mechanism which
is fixed to the footplate (or
elsewhere if need be). The other
module contains the electronic
components, the on /off and speed
switches and the indicator lights.

The disk control is mainly
aimed at users presenting ataxia and
athetosis, such as the cerebral
palsied clientele.

The functional requirements for
the sliding disk prototype where:

- To create a control interface
that could be operated with another
body part than the hand; mainly the
foot.

- To create an interface that did
not demand fine or complex movements
from the part of the user.

- To offer a stable support for
the user's limb.

- To be sturdy enough to
withstand the forces exerted by a
user or blows from the chair hitting
obstacles. To withstand humidity
and dirt.

- To be adjustable in position,
for left or right use.

- To have minimal overall
thickness for optimum ground
clearance.

Several prototypes where
conceived and fabricated at the
rehabilitation hospital to fulfill
the demand of it's clientele.
Prospect of commercial production
made it necessary to evaluate the
controls for an eventual redesign.

EVALUATION OF THE DISK CONTROL
INTERFACE

The prototypes were evaluated
with seven users (4 men and 3
women), all presenting cerebral
palsy with quadriparisia and
choreoathetosis affecting mainly the
upper limbs. Mean age was of 32 (±
8.6) years.

Only two of the seven users had
previously owned a powered
wheelchair before using the disk
control. Both had controlled the
chair using a joystick, in one case
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barefooted with the joystick fitted
to the footrest; a makeshift
solution at best. Mean year of use
for the device was of 1.9 (± 1.6)
years.

Set up and  us e of  th e d isk
control was similar in many cases.
Six out of seven users operated the
control with their foot. Five of
the seven users operated the
switches by hand. All users
operated the on /off switch by
themselves but only 3 operated the
speed selector. For longer rides
the speed had to be changed by a
secondary user.

General appreciation of the
device was very good. Five of the
seven users were very satisfied with
the disk control they used. The two
that where not, cited reliability
problems. The high satisfaction is
understandable since many of these
users could not have been
independent in a wheelchair without
this device.

The main disatisfaction with
the device came from the lack of
reliability. The disk control is
subject to a lot of physical abuse
because users lack coordination but
have their full strength. Also the
legrests of a wheelchair will be the
first parts to hit obstacles.
What's more, the disk control is
close to the ground and is subjected
to dirt, rain and snow.

COMMERCIALIZATION OF THE DISK
CONTROL

As the demand for the disk
control grew it became apparent that
a manufacturer would be better
suited to produce it.

Several characteristics of the
disk control make commercialization
interesting 2. First and foremost,
this project was need driven, a
significant problem was identified,
as well as a specific target
population. No other commercial
product readily adresses the problem
at hand. Functional requirements
were specified. User evaluation of
the device was done. A commercially
sound, standard design is
foreseeable.

What's more, the rehabilitation
hospital and this manufacturer have
agreed on a long term association

for product development which
encourages the involvement of both
parties and develops a working
relationship. This association
makes it possible to combine the
clinical knowledge of the clientele
and their needs with manufacturing
know -how.

COMMERCIAL VERSION
The disk control has been

redesigned to account for the
inadequacies of the first prototypes
taking advantage of the technology
and manufacturing facilities
available to this company. The
commercial version stays however
very close to the original concept.

This version is still comprised
of two modules. The switch module
can come with toggle switch for hand
operation or push button for foot
operation.

The use of a two speed switch
instead of a 6 speed dial switch
makes it easier for the user to
change speed by himself. Maximum
speed can be adjusted.

On the original prototypes,
molded ABS plastic was used for the
casings and footplate. The parts on
the new design are all metal.

The casings are sealed, even
around the disk opening to protect
against the humidity and dirt.

Overall height of the disc has
been reduced from 4 1 /8" to 2 1/4 11 ,

to improve ground clearance.

On the original version a
fullwidth ABS footplate had rapidly
replaced the standard wheelchair
footplates because it offered more
room for the encasing of the module
and rigidified the overall legrests
structure. The new version also has
a fullwidth flip -up footrest.

Since the original prototypes
where always furnished at the
r e h a b i l i t a t i o n h o s p i t a l ,
installation on the wheelchair had
always been done on a one to one
basis and many parts, especially the
anchoring fixtures, switches and
disk where customized. This was
possible because the technical aids
department had technicians to do
this kind of work. The commercial
version offers as much adaptability
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T h e  S l i d i n g  D i s k  C o n t r o l  I n t e r f a c e

e s p e c i a l l y in r e g a r d s t o t h e
p o s i t i o n i n g o f t h e d e v i c e  w i t h o u t
n e e d i n g c o m p l i c a t e d  m o d i f i c a t i o n s .
Th e  d i sk  m o d ul e  c a n b e  p os i t i o ne d  i n
wi d t h  o n t h e  f o ot p l a t e . C u t t i n g  t h e
f o o t p l a t e c o v e r in tw o , t o
a c c o m o d a t e  t h e  m o d u l e , i s  t h e  o n l y
c u s t o m i z i n g th a t h a s t o b e d o n e .
H e i g h t ,  d e p t h  a n d  a n g l e  p o s i t i o n i n g
is o b t a i n e d by a d j u s t i n g t h e
l e g r e s t .

A l t h o u g h t h e d i s k c o n t r o l is
m o s t l y  u s e d  w i t h  t h e  f o o t , i t  h a s
b e e n s u c c e s s f u l l y u s e d in it ' s
p r o t o t y p e ve r s i o n , a s a n el b o w
c o n t r o l  b y  a  c e r e b r a l  p a l s i e d  u s e r .
I t ' s  p o t e n t i a l  a s  a  h a n d  o r  u p p e r
l i m b  c o n t r o l  i s  p r o m i s s i n g  s i n c e  i t
c a n o f f e r c h a r a c t e r i s t i c s s u c h a s
p l a n e  d i s p l a c e m e n t  a n d  s u p p o r t  f o r
t h e  l i m b ,  n o t  f o u n d  o n  a  j o y s t i c k .
Us e  o f  th e  d e v ic e  c a n  b e  f o r es e e a b l e
w i t h  o t h e r  c l i e n t e l e  s u c h  a s  q u a d s ,
th a t  la c k  ma n u a l d e x te r i t y b u t  s t i l l
h a v e  u p p e r  a r m  c o n t r o l .

T h e c o m m e r c i a l ve r s i o n b e i n g
mo d u l ar ,  c an  s t il l  b e c u s to m i z ed  f o r
u p p e r  l i m b  u s e . t h e  d i s k  c a n  a l s o
b e  e q u i p p e d  w i t h  d i f f e r e n t  f i x t u r e s
s u c h  a s  t o e  b l o c k  o r  e l b o w  c u p .

C O N C L U S I O N
T h e  n e w  v e r s i o n  o f  t h e  s l i d i n g

d i s k c o n t r o l i n t e r f a c e lo o k s ve ry
pr o m i s s i n g , o f f e r i n g al l t h e
f u n c t i o n a l r e q u i r e m e n t s of t h e
or ig i na l c on ce p t.  It  f u lf il l s a n ee d
ye t un an s we re d by  ot he r co m me rc ia ll y
a v a i l a b l e  p r o d u c t s . Th e  t e c h n o l o g y
t r a n s f e r w a s s u c c e s s f u l ma i nl y
b e c a u s e  t h e  p r o j e c t  h a d  b e e n  n e e d
dr i ve n .
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VOCOMOTION - AN INTELLIGENT VOICE - CONTROL SYSTEM FOR POWERED WHEELCHAIRS

Richard D. Amori
Computer Science Department
East Stroudsburg University

East Stroudsburg, PA U.S.A.

ABSTRACT

For those who are unable to operate a powered
wheelchair using a physical control mechanism, a
voice interface offers an alternative approach to inde-
pendent mobility. Vocomotion is a voice control sys-
tem which gives the user the kind of sensitive control
provided by ajoystick, allowing a wide range of ad-
justments to the chair's speed and direction. It is
constructed from inexpensive, commercially avail-
able components and is a compact, on -board hard-
ware /software device powered completely by the
wheelchair's normal batteries. For flexibility, the in-
terfaces to both the wheelchair and the operator are
designed to be tailored to accommodate a particular
wheelchair and a particular operator. A variety of
safety features are an integral part of the design.

Key words: voice interface, natural language inter-
face, human- computer interface, artificial intelli-
gence, wheeled mobility, personal transportation_

BACKGROUND

The Widener Memorial School is dedicated to the
education of severely physically - impaired children in
Philadelphia. Most of the students use wheelchairs,
but not all of them can use them independently. For
those who cannot operate a powered wheelchair be-
cause they lack the strength or coordination to con-
trol a joystick, a voice - control system, especially one
which provides intelligent support, would bring
greater mobility and independence. Such a system
would also be useful to a much larger population be-
yond the Widener School.

Our Artificial Intelligence Laboratory has developed
such a system. We have had a long - standing interest
in computer understanding of natural language and
have designed and implemented several language -
processing systems:

a tool for building English- language interfaces
(1)

an English language understanding system for
controlling robots (3)

- a tool for communicating with the deaf, accept-
ing spoken English as input and producing a
video display of American Sign Language as
output (4)

The potential offered by such language understand-
ing systems for serving the physically - impaired was

described at an earlier RESNA conference (2).
Vocomotion, our voice control system for powered
wheelchairs, is one successful example of the class
of operator- control problems discussed in that paper.

STATEMENT OF THE PROBLEM

Many wheelchair users cannot take advantage of the
independence offered by powered wheelchairs be-
cause they cannot control a joystick. Several alterna-
tives have been tried (e.g., sip- and - puff), but they
have problems of their own - lack of sensitive con-
trol, unhygienic interface, etc. Now, with recent ad-
vances in voice recognition technology and language
understanding theory from artificial intelligence, to-
gether with the availability of low -cost, low- power-
consumption microprocessors, it is possible to extend
powered wheelchair mobility to a larger community
of users. Vocomotion is proof that it can be done.

DESIGN

Vocomotion is a stand -alone, on -board, intelligent
voice control system for powered wheelchairs. It
converts verbal utterances into electrical voltages us-
ing:

- a commercial voice recognition unit which con-
verts raw speech sounds into computer - readable
text

- a director unit with custom -built software and
hardware which convert the text input into elec-
trical output equivalent to that of a joystick (see
Fig. I ).

sound

voice recognize,

ASCII text

Vocomotion director unit

voltages

wheelchair's own controller

Fig. I
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Vocomotion's software is designed to be independ-
ent of the many variations possible in the real world.
It is designed for an abstract, ideal wheelchair world
with interfaces tailored to a specific wheelchair and
specific user. The mathematical model representing
this ideal world is an augmented transition network
which regulates permissible state changes. The
natural language accepted is mapped by the intelli-
gent software to a fixed set of model command cate-
gories which correspond to a set of "domain action
primitives" described by Amori in his discussion of
task - oriented discourse (3). The interfaces to a spe-
cific wheelchair and a specific user are contained in
the Wheelchair Profile and User Profile, respec-
tively.

IMPLEMENTATION

Hardware: The microphone is Audio - Technica's
AT810, and voice recognition is handled by Voice
Connexion's Micro Introvoice product. The text
output from the recognizer is processed by custom -
designed software which runs on a Micromint RTC -
V25 microprocessor. Additionally, several small
custom circuits were designed to integrate
Vocomotion into the wheelchair. The wheelchair
used for the prototype is the Invacare Arrow XPR.
An EEPROM is used to store profile information
about the specific wheelchair and the specific user.
All components are resident on the wheelchair and
use the chair's normal batteries.

Software: The custom software is about 6,000 ex-
ecutable lines of 'C' code.

Costs: The wheelchair was donated; the cost of the
Micromint boards and Voice Connexion product
was about $2,150. This is the retail cost for the
hardware and would certainly be much lower if
Vocomotion were mass - produced.

EVALUATION

The Vocomotion prototype has been constructed and
has completed alpha testing at the University. A
half -dozen users were trained and successfully oper-
ated the system during this period. Beta testing is
now underway at the Widener Memorial School in
Philadelphia, where physically- impaired children
are being trained to use the system under the guid-
ance of staff therapists. Preliminary results are very
favorable - the operators are quite pleased with its
performance.

DISSCUSSION

be illustrated by organizing our discussion around
the issues of flexibility and safety.

One of the critical features in the system's design is
flexibility. To illustrate:

The user interface can be tailored to the indi-
vidual operator. Parameters such as base speed
and maximum speed can be set and later re-set
according to the operator's maturity, physical
condition, and experience with the system.

- The interface to the wheelchair can be tailored
to a specific wheelchair.

- The operator is able to make both gross and
fine adjustments to the chair's speed and direc-
tion. For example, a command like "Go fast"
will accelerate the chair to full speed, whereas
a command like "A little faster" will cause only
a slight acceleration. Similarly, "Turn left"
will produce a sharp turn, whereas "a little left"
will produce only a slight veering.

- The operator need not be explicit about both
speed and direction - the system will fill in the
missing information. If the speed is not speci-
fied, the chair will either maintain its current
speed or, if it is standing still, will use the pre-
set base speed. If the direction is not specified,
the chair will either maintain its current direc-
tion or, if it is standing still, will move in a for-
ward direction.

- The operator is not limited to a single way of
expressing a command - he can use a number
of different phrases to express the same
thought. For example, the phrases "Faster ", "A
little faster ", and "Speed up" will all have the
same effect on the chair's velocity.

- The operator's speech need not be clear to hu-
man listeners, as long as it remains consistent
from session to session.

Another important design consideration was safety.
With that in mind, the following safety features
were built into Vocomotion:

- The system responds to a broad range of halt
commands.

- Any command which is not recognized by the
voice recognition unit, including inarticulate
shouts, will bring the wheelchair to a halt.

- Commands expire after a certain time interval,
so that if the operator should become distracted
while the wheelchair is in motion, the chair
will automatically come to a halt.

Many of the powerful features of Vocomotion can - The operator is able to indicate whether the
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chair is moving within a confined or uncon-
fined space. In a confined space, the system
shortens the command expiration time, so that
even if the operator does not have enough time
to express a halt command, he will still be able
to avoid collisions.

The unit includes two emergency shutdown
switches, one accessible to the operator and the
other accessible to bystanders.

- To reduce interference from background noise,
a noise - canceling microphone is mounted close
to the operator's mouth on a headset.

- To avoid confusion between normal conversa-
tion and wheelchair commands, the operator is
able to activate and de- activate the controller
using two key phrases.

- The system is on guard for potentially destabi-
lizing commands - for example, if a sharp turn
command is entered while the wheelchair is
moving quickly, the chair will automatically
slow down.

CONCLUSION
We have successfully constructed and tested an in-
telligent voice controller prototype. Vocomotion is a
compact, wheelchair- resident system built from
low -cost, commercially- available components
which can be an add -on feature to a variety of cur-
rently available wheelchairs. It features flexible in-
terfaces for both the wheelchair and the operator and
exploits artificial intelligence techniques to infer
missing information and detect and avoid poten-
tially dangerous conditions. This allows
4ocomotion to accept a wide variety of English ut-
terances and provide sensitive control of a wheel-
chair. While designed for severely- disabled chil-
dren, it is applicable to a much larger population:
any wheelchair user who can speak.

Using Vocomotion, a wheelchair operator can ma-
neuver smoothly and safely in a variety of settings -
angling carefully up to a desk, moving quickly down
an open corridor, threading through a crowded
room, etc. - and can alternate safely between normal
conversation and wheelchair control commands.
Vocomotion can bring the experience of independent
mobility to a wide population, allowing the
severely- impaired to capitalize on whatever speak-
ing skills they have.

ACKNOWLEDGMENTS

This project was supported by a grant from the

Widener Memorial Foundation. We also thank
Young's Medical Equipment, Easton, PA for the do-
nation of the wheelchair and the teachers, therapists,
and staff at the Widener Memorial School in Phila-
delphia for their assistance. A special commenda-
tion is due to the ESU development team: John Pe-
ters, Susan Rohde, Ernie Miller, Brenda Cable, and
Scott McCarter for their many contributions.

REFERENCES

1. Amori, R., NL/Template: An Approach and Toot
for Building Practical Natural Language Inter-
faces, Proceedings of the Annual Conference of
the Association for Computing Machinery, ACM -
85, Denver, CO, October 1985.

2. Amori, R., TODUS: A Natural Language Inter-
face with Potential for Rehabilitation Applica-
tions, Proceedings of the Annual Conference on
Rehabilitation Technology, RESNA -89, New Or-
leans, LA, June 1989.

3. Amori, R., A Natural Language Interface for
Task - Oriented Activities, Proceedings of the
Third International Conference on Industrial and
Engineering Applications of Artificial Intelli-
gence and Expert Systems, Association for Com-
puting Machinery, IEA/AIE -90, Charleston, SC,
July 1990.

4. Amori, R., Williams, P., and Rohde, S., From
Voice to Sign Language: A Translation Tool for
the Workplace, Proceedings of the Annual Con-
ference on Rehabilitation Technology, RESNA-
91, Kansas City, MO, June 1991.

Author:

Richard D. Amori
Computer Science Department
East Stroudsburg University
East Stroudsburg, PA 18301

RESNA International '92 • June 6 -11, 1992 423



2 4 . 5 DEVELOPM ENT  OF A 'SMART' POWERED WHEELCHAIR:  A PROGRESS REPORT

Peter H. Gregson & R. Lee Kirby
Department of Electrical Eng ineering, Technical Univers ity of Nova Scotia

Division o f Physical Medicine and Rehabi litation, Dalhousie University
Halif ax, Nova Scotia, Canada

ABSTRACT

A ' smart '  wheelchair,  a powered  whee lchair which wi l l
respond 'intelligently' to sensor data, is being developed
to 1) adaptively modify its operating envelope to
compensate for variations  in the user's control skills due
to  f atigue , changes in terrain, chair atti tude or chair
loading, to improve s tab ili ty, comf ort and perf ormance;
2) perform real -time, short-range navigation using
computer vis ion f o r pe rsons  who lack the necessary
control skills for a conventional powered chair; and 3) be
used as a tes t vehicle f o r the development of chair
stabil ity tes t and  measurement procedures, and fo r the
deve lopment of new chairs.

BACKGROUND

Our overall goal is to improve the safety and
perfo rmance of powered wheelchairs. The incidence of
wheelchair use in the U.S. is about 3.3 per 1000
population; powered chairs (11 ) account fo r about 28%
of  whee lchairs (3). An estimated 26,000 wheelchair -
related accidents, serious enough to seek attention at an
emergency room, occurred in the  United  States in 1987
(8), for a rate of 3.3% of wheelchair users per year. The
consequences of  such whee lchair accidents may be
simple sprains and lacerations, but 0.2% of these
accidents are fatal (2 , 4),

The rationale for 'smart' wheelchairs has been
recognized  f or some time  (5 ) and  a number o f groups
have developed units with limited capabilities (1, 9). The
state -of- the -art has been recently reviewed by Korba (6)
and  Ne lson (7). At p resent, the powered whee lchairs
that are commercially available are not capable of
adequately modifying  the ir operating enve lopes on the
basis of terrain, user performance, chair loading or other
external variables. As a result, chairs do not provide the
perf o rmance that they might, s ince chair pe rfo rmance
must be selected a priori to handle the most likely cases,
and chairs are not as saf e as they might be  because the
chair cannot compensate for the co- occurence of
destabilizing  inf luences.

A second issue is the assessment of dynamic stability of
current chairs and new designs. At present, the
International Standards Organization (ISO) standards for
the  measurement and reporting of the  dynamic stabil ity

of powered wheelchairs are di f f icul t to carry out without
a human operato r. I f  us ing  an anthropomorphic tes t
dummy, it is di f f icult to have  the  whee lchair f o l low a
known trajec tory so as  to induce  the  se t of test fo rces
necessary to induce  the stabil ity- def ining  tip. With a
suitable set of control parameters for powered
wheelchairs, dynamic stab ility standards may be f urther
developed, and  prototypes o f new chairs safely tested.

Finally, the re are a number of people for whom a
powered wheelchair cannot be prescribed because they
lack the necessary sensory, control or cognitive function
for its  saf e use. These peop le the ref ore have l itt le (if
any) autonomous mobil ity,  which has a major impac t on
the quality of their lives.

STATEMENT OF THE PROBLEM

Wheelchairs must be equipped with the appropriate
sensors and computational facilities to make them
responsive to both the user and the immediate
environment. Force transducers connected to an
on -board data acquisition and control system will permit
addressing the  adaptive control and test vehicle issues.
An on- board, real -time short-range navigation system is
required to permit the prescription of powered chairs for
persons previous ly unable to handle them.

THE SMART WHEELCHAIR

The wheelchair we have been using has been an Everest
and Jennings powered chair equipped with an on -board
6801 -based microprocessor for data acquisition and
control. We have instrumented it with four strain guages
to sense wheel loading  and f our guages to sense  seat
loading, as well as possessing the joystick inputs and an
RS -232 -C input f o r data trans f e r and  external control
capability. The microprocessor monitors all strain
guages and the joystick, bo th recording the
measurements  in inte rnal memory and  computing  the
next control action. Wheel loading and seat loading data
are  used  to  de te rmine the s tab il ity marg in of the chair,
the st if fness  o f the use r (which inf luences  the contro l
action) and the terrain.

The short-range navigation system will consist of a small
CCD camera mounted on the arm of the chair,
connected to an on -board computer system for
processing the images, The on -board computer will use
the optical flow field to attempt to f ind a safe path
through the environment. This wi ll include both obstacle
avoidance, requiring extrapolation of the trajec tories of
identif ied  objects in the scene, and collision avoidance,
in which the system recognizes an imminent collision and
stops. In more autonomous systems, the user will inform
the  chair o f the eventual des tination (the dining  room,
say). Based  on internally stored 'world knowledge',  the
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chair wil l formulate subgoals (turn left,  go to the end of
the hall, turn right,...) . I t will then proceed to  achieve the
subgoals In sequence. Visual input is again required to
perform obstacle and collision avoidance.

PROGRESS TO DATE

The data acquisition system is ready f or initial trials. At
present, the  samp ling  rate  is set to 1000 samples  per
channe l per second . I nput anti- aliasing is provided by
second o rder f i lters with corne r frequencies of  20  Hz.
Experimentation with and without the filters are
necessary to provide insights as to the optimal sampling
rate and filter corner frequencies, since the complexity of
the chair makes analyt ic determination of these
frequencies diff icutt.

Development of suitable control strategies is proceeding.
For instance , to avoid tumbling down a f l ight o f stairs is
conceptually simple; the chair merely needs to be
stopped before reaching the edge of the top step.
However, should  the sensors detect an impending tip -
over while traversing an incline, the appropriate response
to avo id tip  -over might be  to  s tee r downhil l , but this
could result in being struck by a passing vehicle.
Modifying the chair - occupant configuration or deploying
outriggers might be a more appropriate strategy.

The  visual guidance  system is  approaching the  end of
the first phase of development. A method for
determining the  velocity f ield  from identif ied 'interesting
points' has been developed and is about to be evaluated
on a variety o f test image sequences. Some research
into high - performance computing structures for velocity
has been conducted, and simulations on components of
one cand idate architecture have been conducted. After
further assessment, the architecture will be implemented
in VLSI. In the meantime, however, f urthe r research on
the visual guidance system wil l be conduc ted using
PC-386 and PC -486 platforms and an HP -9000 -720 RISC
machine.

WORK TO BE UNDERT AKEN

The data acquisition and control system will be installed
on the  whee lchair so  that dynamic  stabi lity studies can
commence and optimal control laws can be tested. The
next phase of the visual system research is to segment
the  op tical f low f ie ld  to de te rmine the boundaries of
objects on the basis of their apparent velocities. Current
strategies for f inding free paths through a field of moving
obstacles will then be studied so as to f ind one  suitable
for chair navigation. The visual guidance sys tem wil l
then be implemented in a comb ination of VLSI and
software on a fast, physically small, conventional
computer platform, so as to achieve real -time
performance at minimum cost.

Successfully accomplished, we hope that this long -range
project will provide valuable information to manufacturers,
whee lchair designers  and  clinicians invo lved  in help ing
disabled persons achieve greater independence and

avoid serious accidents.
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P a t t e r n s i n P o w e r M o b i l i t y R e p a i r s : A P r e l i m i n a r y R e p o r t

J i m F i s s a n d B r u c e M a r k m u e l l e r
Re h a b M e d i c a l , I n c .
A i me e J . Lu e b b e n

U n i v e r s i t y o f S o u t h e r n I n d i a n a

ABSTRACT

Se le ct io n o f  c o s t  e f f e c t i v e p r o d u c t
li ne s is cr i t ic a l to t he vi ab il i t y of
a n y c o m p a n y  t h a t  ma r k e t s a s s i s t i v e
t e c hno l o gy . Si nc e b re a k d o w n i n c i d e n c e
of p o we r  mo b i l i t y  s y s t e ms , a  h i g h
e xp e n s e c a t e g o r y  f o r  t h e  r e h a b i l i t a t i o n
t e c h no l o gy s u p p l i e r (RTS), v a r i e s from
o ne ma n u f a c t u re r  t o a n o t h e r ,  a s t u d y was
c o n d u c t e d  t o d e t e r mi ne w h e t h e r  t h e r e is
a p a t t e r n  t o  p o w e r mo b i l i t y  u n i t  r e -
p a i r . Ad di ti onal ly , r e p l a c e me nt  o f
s t a n d a r d  t i r e s was s e l e c t e d  t o exa mi ne
t h e  i s s u e o f  w h e t h e r  t h i r d p a r t y p a y e r
fu n d i n g o f  t h e  l o w e s t  p ro d u c t  i n  a
c a t e go ry is c o s t  e f f e c t i v e o v e r  t i me .

BACKGROUND

In  t h e p ro v i s i o n o f  a s s i s t i v e t e c hno l o gy
to a p e r s o n wi th a  d i s a b i l i t y , ma ny
me mb e rs co mp r i s e t he d e c i s i o n  ma k i ng
te am. As te am me m b e r s ,  t he c l i e n t  a nd
c a re g i v e r s o f t e n d o  n o t  k n o w t he v a r i e t y
o f  e q u i p m e nt  t h a t  i s av ai la bl e c o mme r -
cia l ly. Many t h e r a p i s t  t e a m  m e m b e r s a re
f i nd i n g t h a t  t h e e f fo r t  o f  k e e p i n g
c u r r e n t  w i t h  t h e  v a r i o u s p r o d u c t s of
s p e c i f i c  m a nu fa c t u re r s ha s become
Inc re a s i ng l y mo re  d i f f i c u l t  i n a d d i t i o n
t o  t h e gr o w i n g compl exi ty of p a p e rw o rk
ne c e s s a ry t o  j u s t i f y  r e i mb u r s e m e n t
r e q u i r e m e n t s  f o r  a d a p t i v e  e q u i p m e n t
(Ha ns e n, 1991). To fill t hi s void o n
t h e a s s i s t i v e t e c hno l o gy de ci s io n ma k i ng
te am, ma ny c l i ni c s  a r e no w l ik e l y to
i n c l u d e  a t  l e a s t  o n e RTS. Ra t h e r  t h a n
s p e c i fy i ng t he t y p e o f  a d a p t i v e
e q u i p me n t  n e e d e d , Margolis (1991)
p ro p o s e s t h a t  t h e cl i ent , c a r e g i v e r s ,
a n d t h e r a p i s t s de l i ne a t e p re c i s e goa ls
t h a t  n e e d to b e  me t b y  t h e e q u i p m e n t  a n d
t he  RT S p ro v i d e s i n fo r ma t i o n r e g a r d i n g
ge ne ra l t y p e s o f  t e c hn o l o gy  a v a i l a b l e .
Ad de d to t hi s p r i ma r y  r o l e  o f  i n -
fo rma t i o n p ro v i s i o n, t he  RT S is in t he
po s i t io n to o f f e r  o p t i o ns , sp ec i fi c
p r o d u c t sp e c i f i ca t i o ns , c ha ra c t e r i s t i c s ,
a n d p e r f o rma nc e ca pa bi li t i es .

While ma ny o f  t h e team me mb e rs wo r k  i n
t h e pu b li c o r p r i v a t e he a l t h c a re
s y s t e m, t h e RTS wo r k s  fo r  o r  o w n s  a
b u s i ne s s i n t h e p r i v a t e  s e c t o r . To
re m a i n a  v i a b l e c o mp a n y  i n a co mp e ti t iv e
ma rk e t p l a c e , t h e s e l e c t i o n o f  c o s t
e f f e c t i v e p r o d u c t  l i ne s  i s cri t i ca l.

With ma ny c o mme rci a l p ro d u c t  l i ne s
a v a i l a b l e  t o d a y ,  t he  RT S mu s t  ma k e
de c i s i o ns ba se d on s o u nd b u s i ne s s
pra c t ic e s .

A n o t h e r  f a c t o r  a d d e d  t o t h e  n e e d  f o r
c o ge nt p ro d u c t  l i ne  d e t e rmi na t i o n, is
t h e  i n c re a s i n g so p his t i c at i o n of
re i m b u r s e m e nt  s o u rc e s . Ob l i ga t e d  t o
c u r b  e s c a l a t i ng he a l t h c a re c o s t s ,  t hi rd
p a r t y p a y e r s  a r e be co mi ng c o gni z a nt  o f
t h e ne e d  t o d e t e rm i n e  t h e po t e nt i a l
b e hi nd t he  r e c o mme nd a t i o ns fo r  t h e
p u r c ha s e  o f  c o s t l y d u ra b l e  me d i c a l
e q u i p me nt . In s o me  s t a t e s  a gro w i ng
t r e n d  f o r  t h i r d p a r t y  r e i mb u r s e m e n t
s o u rc e s see ms t o  b e  a  mo v e  t o fix
c e i l i ng d o l l a r  f i gu re s o n t y p e s  o f  i t e ms
o r  t o  f u n d t h e  l o we s t  p r o d u c t  i n  a
c a t e go ry . T h e  d r i v e  fo r  t h i s t y p e  o f
co s t c o nt a i nme nt  o f t e n p ro v e s s h o r t -
s i g ht e d  a n d more e xp e ns i v e o v e r  t i me .
O f t e n  t h e  f i x e d  c e i l i ng  a mo u nt  p r e c l u d e s
de v i c e s t h a t  p re v e n t  c o s t l y s u rgi c a l
p ro c e d u re s in t h e  f u t u r e  a n d  ma n y  t i m e s
t he  l o we s t  p r i c e d p r o d u c t  r e q u i r e s mo re
f r e q u e n t  r e p a i r  a n d  / o r  r e p l a c e m e n t .
With a  mo re  c o s t l y i ni t i a l  c h a rge ,
ma i nt e na n c e  f r e e  i t e ms may ac tu a ll y be
l e s s  e x p e ns i v e o v e r  a pe r i o d  o f  t i me .

In  a d d i t i o n  t o t he  i ni t i a l co s ts , r e -
i m b u rs e m e n t  d e c i s i o n  m a k e r s  a r e  p a y i ng
mo r e  a t t e n t i o n  t o  f a i l u re  r a t e s ,
b r e a k d o w n s ,  r e p a i r  e xp e n s e s ,  a n d p a r t
co s ts . In c l u d e d  i n  t h e hi gh e xp e ns e
c a t e go ry o f  d u ra b l e me d i c a l  eq u i p me nt
a re  p o we r  mo b i l i t y sy s t e ms .

In 1 9 8 9  t hre e  RT S s wi t h c omb i ne d 43
y e a r s o f  e x p e r i e nc e  i n a d a p t i v e
e q u i p m e nt  f o rme d a  ne w  d u r a b l e  me d i c a l
e q u i p m e nt  c o mp a ny a i m e d  a t  t he
re ha b i l i t a t i o n ma rk e t o f  t he medical
f i e l d  wi t h  t he mi s s i o n o f  b r i ngi ng
a s s i s t i v e  t e c hn o l o g y  o p t i o n s  i n t o  t he
de ci s io n ma k i ng pro c e s s o f  t he  c l i ni c a l
te am; p ro v i d i ng c u s t o me r  s a t i s f a c t i o n
t h ro u g ho u t  t h e  e v a l u a t i o n , fu nd i n g,
e q u i p me nt  d e l i v e ry a n d  t r a i n i n g p ha s e s ;
a nd  d e l i v e r i ng  t i me l y se rv i c e .

OBJECTIVES

The p r i ma ry o b j e c t i v e  o f  t he s t u d y  wa s
t o  h e l p d e t e rm i n e  c o s t  e f f e c t i v e  p r o d u c t
l i n e s  b y  a s c e r t a i n i ng  w he t h e r  t h e re  i s a
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p a t t e rn  t o po we r mobility u n i t  b r e a k d o w n
a nd  a l s o  t o  s e e whe t he r t he s y s t e ms of
spe cif ic ma nu fa c t u r e r s o r c e r t a i n
mo b i l i t y  t y p e s  ha v e hi g h e r  r a t e s of
r e p a i r . Exa minati on o f  t he  i s s u e  o f
wh e t he r  fu n d i n g  t h e  l o w e s t  p ro d u c t  i n a
c a t e go ry  i s rea lly c o s t  e f f e c t i v e  a c ro s s
time was t he s e c o nd a r y  o b j e c t i v e  f o r
t hi s s t u d y . The ne e d  t o re p ia c e s t a n -
d a rd  t i r e s ,  t h e  l o w e s t  p r i c e d  i t e m in
t hi s c a t e go ry , wa s  i nv e s t i ga t e d  t o
d e t e r mi ne  i f  m a i nt e n a n c e  f r e e  t i r e s may
ac tu al ly b e  l e s s e xp e ns i v e  o v e r  a pe ri od
of  t i me .

METHOD

A  s u rv e y was c o n d u c t e d  t o d e t e rmi ne
wh e t he r  t h e r e  i s a  p a t t e r n  t o  p o w e r
mobility s y s t e m  r e p a i r s a n d  t o
i n v e s t i g a t e  w he t he r  t h e s y s t e ms of
s p e c i f i c  ma nu fa c t u re r s o r c e r t a i n
mo b i l i t y t y p e s ha v e hi g h e r  r a t e s of
b re a k d o wn. F o r  e a c h po wer  mob i li t y u ni t
b r o u g h t  i n t o  t h e s ho p fo r  r e p a i r  a
"P o we r  Whe e l cha i r  Re p a i r S u rv e y ,"
d e s i g ne d  a s a n  i nt a k e  fo rm , was
c o mp l e t e d  b y  t he  e l e c t ro n i c s r e p a i r
s u p e r v i s o r  d u r i n g  t h e i nt e rv i e w wi t h  t he
u s e r . Six se c t i o ns c o mp r i s e  t he cross  -
s e c t i o na l  s u rv e y  i nc l u d i ng spe cif ic
i nf o rm a t i o n  a b o u t  t he p o we r  s y s t e m
(ma nu fa c t u re r ,  t y p e , s e r i a l  nu mb e r , a nd
a ge ) , u s e r ' s d e s c r i p t i o n o f  t he prob l em,
o t h e r prob l ems fo u nd d u r i n g s e rv i c i ng
( i f  a p p l i c a b l e ) ,  l e ngt h o f  t i me  ne e d e d
t o  c o mp l e t e  r e p a i r s ,  r e t a i l  c o s t  o f
r e p l a c e m e n t  p a r t s ,  a n d  t i m e  a n d
mat er ia ls ( i f  a ny ) co v e re d by wa r ra nt y .
A c hi  -  s q u a re  t e s t  o f  go o d ne s s o f  f i t  wa s
c o nd u c t e d  t o d e t e rm i n e  i f  t h e r e we re
d i f f e r e nc e s  a mo ng  t he i n c i d e nc e  f r e -
q u e nc i e s o f  r e p a i r ca t e go r i e s a nd
d e s c r i p t i v e s t a t i s t i c s we re  u t i l i ze d  fo r
t he s t a nd a rd  t i r e  d a t a .

RESULTS

In  t h e  f o u r  m o n t h s  f r o m  J u l y  t h r o u g h
November 1991, s u r v e y s we re compl et ed
fo r  t h e p o we r  m o b i l i t y  u ni t s d e l i v e re d
fo r  r e p a i r . F o u r  t y p e s o f  p o we r
mo b i l i t y  u ni t s (c o nv e nti o na l , p o we r
b a s e ,  t h r e e  wh e e l e r ,  a nd  a d d  - o n po we r
u ni t )  f ro m s e v e n ma nu fa c t u r e r s we re
i n c l u d e d  i n t h e to ta l of 36 po we r
mo b i l i t y  s y s t e m s  r e p a i r e d  d u r i ng  t hi s
time. O f  t he 36 po wer  mob i li t y u ni t s ,
t h e  r e p a i r s s h o w e d  a  b re a k d o wn p a t t e rn
t h a t  c l u s t e r e d  i n t o  t h re e  m u t u a l l y
excl u s i ve , p r i ma ry p ro b l e m a re a s :
e l e c t roni c s , b a t t e r i e s ,  a nd mec ha ni ca l.
The b a t t e r i e s  a n d  e l e c t r o ni c s ca t e go r i e s
a re  s e l f  e xp l a n a t o ry whi l e  a ny t hi ng no t
c o ns i d e re d  e l e c t ro ni c no r  b a t t e r y

re l a t e d (e . g. , t i r e s ) was gro u p e d i nt o
t h e me c ha ni c a l  c a t e go ry . The b a t t e r i e s
a nd me c ha ni c a l  c a t e go r i e s ea c h ha d  e i g h t
po wer  mob i li t y u ni t s (22% p e r c a t e go ry
fo r a  t ot a l of  44  %) t h a t  r e q u i r e d
re p a i r s . Co mp r is i ng a l l  t he  r e p a i r s
ne e d e d  i n  t he  me c h a n i c a l c a t e go ry ,
s t a n d a rd t i r e  r e p l a c e m e nt  o n  t h e e i g ht
po we r mo b il i t y s y s t e ms a v e ra g e d
$ 1 6 1 . 8 8 ; t he  a v e ra ge a g e  o f  t h e mobility
u n i t s  r e q u i r i n g s t a n d a r d  t i r e  r e p a i r  w a s
1.56 ye a r s .

With 2 0  o f  t he 36 (56 %) po we r mo b il i t y
u ni t s  t he  e l e c t ro ni c s c a t e go ry  s ho we d  a
s i gni f i c a nt l y hi g h e r  n e e d  f o r  r e p a i r
t h a n  e i t he r  t h e  b a t t e r i e s o r me cha ni ca l
ca t e go r i e s , chi - square (2 ,  n = 36) _
7.99, p<.05. It  s h o u l d b e  n o t e d  a  t o r n
j o y s t i c k  b o o t s , onc e a  mi no r , i ne x-
pe ns i v e p a r t  t o  r e p l a c e , l e f t  u nr e p a i r e d
e i t he r  d i r e c t l y o r  i nd i r e c t l y ca u s e d t he
mo re co s t ly el e c t ro ni c s p ro b l e ms  i n 25%
(f iv e o f  t h e 20) o f  p o we r  mo b i l i t y
s y s t e ms  i n t he el e c t ro ni c s c a t e go ry . A
re p a i r p a t t e rn  a m o n g ma nu fa c t o r s a nd
a mo n g mo b i l i t y  t y p e s di d no t  e me r ge with
t hi s sample s i ze ;  ho we v e r , t h e  t o r n
j o y s t i c k  b o o t  t ha t c o nt r i b u t e d to s u b -
s e q u e nt , more e xp e n s i v e  r e p a i r s was
fo u nd on s e v e ra l  In v a c a re po wer  mob i li t y
sy s t e ms .

DISCUSSION

In  t h e ca s e s o f  t o r n j o y s t i c k boot, t he
pro bl em moved from pr i ma r il y me chanic al
t o  e l e c t ro ni c a n d  t h e  i n c r e a s e d nu m b e r s
i n  t he  e l e c t ro ni c s c a t e g o r y  a r e  i nd i -
c a t i v e  o f  t h i s  r e p a i r  ne e d . While t he
b a t t e ry c a t e go ry wo u l d  k e e p t h e same
nu m b e r s re ga rd l e s s ,  i f  t he  j o y s t i c k  b o o t
ha d b e e n  r e p l a c e d be fo re c o nt r i b u t i ng  t o
fu t h e r  d a ma ge , t he nu m b e r s o f  t h e  o t h e r
ca t e go r i e s would ha v e be e n d i f f e r e n t  ( a n
i n c r e a s e  f r o m  e i gh t  t o 13 in t he me c h-
anic al c a t e go ry a nd a  d e c re a s e from 20
to  1 5 i n  t he  e l e c t ro ni c s gro u p ) . The
c h a n ge s would ha v e s ho wn  a more e v e n
d i s t r i b u t i o n  a mo n g t h e ca t e go r i e s a nd no
s t a t i s t i c a l l y  s i gni f i c a nt  d i f f e r e nc e s .
It  s h o u l d  b e no t e d  t ha t  s i n c e  t h e  RT S
owne d c o m p a n y  h a s h a d  a  h i g h su c c e s s
ra t e  w i t h  In v a c a r e mobility s y s t e ms a n d
ha s s o l d  mo re  In v a c a re po wer  mob i li t y
u ni t s , p ro p o r t i o na l l y  t he re we re more
Inv a c a re po wer  mob i li t y u ni t s t h a n
s y s t e ms from o t h e r c o mp a ni e s  i n t hi s
s t u d y . Howeve r, t h e  n e e d  t o  r e p l a c e t h e
b o o t  wa s fo u n d  f o r  t h a t  m a n u f a c t u r e r
al one. A l t ho u g h t he  r e p l a c e m e n t  b o o t
from P ro d u c t i o n  Re s e a rc h Co rpo ra ti o n was
no t i c e a b l y  t h i c k e r  t h a n t he or i gi na l
f a c t o ry b o o t  a nd  a l s o  f e a t u r e d  a  wi d e r
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f l a nge a t  t h e ba se , t h e r e  a r e no  d a t a  o n
t h e s u c c e s s ra t e  o f  t he  r e p l a c e me n t
bo ot . A s i mp le s o l u t i o n t o t he jo y s ti c k
bo o t p ro b l e m i s t he re d e s i g n o f  t h e
o r i gi n a l  p r o d u c t  t o eli mi na te t e a r i ng
a n d p r e v e n t  s u b s e q u e n t  e l e c t ro n i c s
di f f ic u l ti e s .

A p a r t  f r o m  t h e  e l e c t r o n i c s f i n d i n g,
o t h e r s t u d i e s ha v e s ho wn simil ar
r e s u l t s . In  a s t u d y on po we re d
whe e l c ha i r b a t t e r i e s Aylor, b y u n  a n d
Ka u zi ar i c h (1991) d e t e rm i n e d  t h a t  c o s t l y
b a t t e r i e s a r e b e i ng re p l a c e d o f t e n in
p o we re d whe e l c ha i r s . Br u b a k e r (1988)
fo u nd b a t t e r i e s t o  b e t h e c o mp o ne nt
r e q u i r i n g t h e mo s t  f r e q u e nt  r e p a i r  o r
r e p l a c e me nt with t h e  n e x t  h i g h e s t
pro b l e m c o mp o n e nt  b e i n g t i r e s . In t h e
c u r r e n t s t u d y  w i t h  t h e co s t s o f  ma i n-
t e n a n c e  f r e e  t i r e s ranging from $65.00
t o $110.00, t he s e  i ni t i a l l y more
e xp e ns i v e p r o d u c t s  p ro v e d mo re  c o s t
e f f e c t i v e t h a n  t h e c h e a p e r  s t a n d a r d
t i r e s o v e r  t i me . In s t a n c e s s u c h a s  t h i s
may p ro v i d e t h i r d p a r t y  r e i mb u r s e m e n t
s o u rc e s wi t h t he  i nf o rm a t i o n ne c e s s a ry
to ma k e  a n  i n fo r me d  d e c i s i o n r e g a r d i n g
c o s t  e f f e c t i v e p ro d u c t s o v e r  t i me .

T he 36 po we r  mob i l i t y u n i t  r e p a i r s i n
t h i s s t u d y  a r e pre l i mi na ry d a t a  fo r  a
l a r g e r p ro j e c t . To co l l e c t  t he i n -
fo rma t i o n ne c e s s a ry fo r  d e t e rm i n i n g
whi c h p r o d u c t  l i ne s to c a r ry , t he  RT S
o w n e d  b u s i ne s s will continue to coll ect
s u r v e y s .
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AAC DEVICE MOUNTING SYSTEM FOR SUPINE STANDER
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AB S T RACT
To  allo w the individ ual with a d is ab ility to  achieve greater
independence, the rehabilitation engineering field must develop
new technology to integrate sep arate pieces of commercially -
availab le ad aptive eq uipment. Specific to this  p aper is  the
es s ential need to integrate the us e o f  a n augmentative
communication devic e with the s imultaneo us use of a sup ine
stander. For the individ ual with a d is ability,  t ime s pent in a
supine stander may mean t ime spent without access ibility to a
voice- output communic ation device. As a result , this limits
part ic ip atio n in activit ies  b o th in sc ho o l and at  ho me. A
cus to m mo unting s ys tem was d es igned  fo r interfac ing the
P re ntk e R o mic h Lig ht T alker  with a T herAd ap t s up ine

slander.

BACKG RO UN D
At p res ent,  c o mmerc ially available mo unting s ys tems  fo r
augmentative/ alternative c ommunicatio n (AAC) devices exist
only fo r wheelc hairs  and  s tab le,  le vel s urfac es  s u c h as
tabletops. Persons with severe physical disabilities frequently
req uire alternate po s it io ns  thro ugho ut the day to  maintain
optimal physiological func tio n and integrity. These alternate
po sitions often take the individ ual out of the wheelc hair o r
away from the level surface on which he or she is accustomed
to wo rking. For example,  the perso n might s pend time in a
supine slander,  prone slander, sid e lyers, o r in bed. In these
cases , the lack of c ommercially - available mounting systems
fo r AAC d evic es  fo rc es  the ind ivid ual to  rely o n ano ther
co mmunic atio n metho d . The ind ivid ual may bec ome
dependent upon others to interpret yes /no responses or to read
a manual c ommunication board.

It is  ess ential fo r the ind ivid ual with a disability to be able to
communic ate in all environments. Communic atio n allows  an
individual with disabilities to participate and to be included in
all activities . Res earc h has  s ho wn that  factors determining
successful use of technolo gy (e.g.,  AAC devices) inc lude not
only meeting the individual's need for independence, but also
that  the d evic e be eas ily ac cess ib le and  eas y to  use I. The
aesthetics  o f the techno lo gy is an add it io nal factor. These
crit ic al fac to rs mus t be add ress ed in the des ign and
development process of new adaptive equipment.

J. J. is  a b rig ht,  inter ac tive s even year o ld  with s p as tic
quadrip legia cereb ral pals y. He is mainstreamed at  p ub lic
school with the suppo rt of the Physical Health Impaired staff.
J. J.  c o mmunic ates  us ing the P R C Ligh t T alk er whic h is
mo unted to his wheelc hair with the PRC Wheelc hair
Mo unting Kit . He us es  32 ro w -c o lumn s c anning with a
single s witc h inp ut mounted  to his  head s upport. J.J. tends
to tilt his head to the right and  can maintain neutral po sit ion
for short periods o f time during motivating activities.

J.J. us es a variety o f adaptive eq uipment both at home and at
schoo l,  and his pos it io ning changes  many t imes  thro ugho ut
the day. His  d aily schoo l routine often inc lud es  alternating
two hour perio ds o f time sp ent in his chair and time spent in

P1.1

his  supine stander. His Light Talker must b e ac cess ib le to
him in both situations to be included in all ac tivit ies.

DESIGN CRITERIA
J.J. and  his  family c ame to  the Ass is tive T ec hno logy Unit
(AT U) s e ekin g a way in whic h  to  mo un t b o th h is  L ight
Talker and his single switch (TASH treadle) to his TherAdapt
supine slander. The family explained that the slander would be
used  in both sc hoo l and home sett ings and the mount wo uld
need to address four main issues.

• The family did not want the device to be mo unted
directly on the laptray surface as this would minimize
JJ: s available working s pace. It was  also  essential
to his ability to properly s can as well as to activate a
head co ntrolled input switc h that the Light Talker be
mounted in line with JJ: s  eye gaze.

• The mo unt s hould  b e eas ily trans ferrab le fro m
J. J. 's  wheelc hair to  the s tand er witho ut having to
readjust  the height and angle o f the device eac h time.
J. J. is  o ften repo sit io ned by therapists, school
teachers, and family memb ers . Therefo re,  eas y
consistent transfer of the device was essential.

• For safety reasons and eas e in transportability, the
mount should be attached directly to the stander Game
as opposed to a mount that would stand independently
near the s tand ing frame. J. J.  is  mains treamed  at
school and to avoid potential injury to a pass erby or
to the device itself, it was essential that the mount be
a stat ionary p art of the stand ing frame. The same
reas o ns  ap p lied  at  ho me  as  JJ.  has  two  yo unger
siblings .

• The head sup po rt and  po sitio ning o f the tread le
switch needed to be customized. The current support
offered  by the s tand ing frame c o nsis ted  o f a flat ,
padded insert that extended from the top of JJ: s head
to  his b utto c ks . An ad d it io nal p ad  was  p lac ed
perpend ic ular to  this pad on the right sid e offering
es sential lateral head  s up p ort.  J. J.  required a head
sup po rt  /  switch mount that  o ffered a po int  o f rest
witho ut s witc h activation.

RAT IO NALE
The ap plicatio n o f tec hno lo gy, from the rehabilitat io n
engineering perspective, is analogous with the pyramid model
presented by Richard Dodds2 . The bottom layer inc lud es the
app lic ation o f c ommercially - available d evices that d irectly
meet the ind ividual's needs. The middle layer includes those
co mmercially - available d evic es that , after und ergo ing
adaptation, meet the individual's needs. The top and final layer
includes the custom design and fabric ation of devices to best
meet an ind ividual's needs. Although custom - design may be
the least c ost  effective and  mo st time - cons uming option,  it
may b e the  o nly  c ho ic e av ailab le in  trying to  p ro v id e a
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solutio n. For JJ., a custom - designed and fabricated solution,
us ing as many co mmercially - available co mp o nents as
possible, seemed to be the most appropriate method.

DES IGN AND FABRICATION
The des ign fo r the c usto m mo unt inc orp o rated the c riteria
given b y the family with emp h as is  o n s truc tural s tab ility.
The Light Talker,  mounted to  J.J.' s  wheelchair, was to remain
attac hed to the exis t ing mo unting p ole (s tainles s  s teel pip e
3/4" ID,  7/8" OD) along with the exist ing s haft  co llar having
a rec eptac le s lot (3/8" x 1/4" x 1/4 " ) to  secure the po le to  its
mounting bracket. The receptacle bracket for the slander was
fab ric ated  as  fo llo ws: (S ee figures 1,  2,  and  3) No te that
tub ing lengths  s pec ified  belo w were s pec ific to  the needs of
the client.

• Three sections of stainless steel tubing (7/8"
ID, 1" OD) in lengths 4 -3/4", 13 -1/2" and
32" were joined  using aluminum s truc tural
slip-on fittings.

• Two rectangular floor flange fit tings (1"  ID,
1 -5/16" OD) were attached to the base of the
stander at 4 -1/2" and 10 -1/2 ", respectively
from the front edge of the bas e, using round
head machine screws, washers, and T -nuts.

• The 4 -3/4" tub ing was  ins erted  into  the
flange at  the 10 -1/2" mark. The 13 -1/2"
tubing was  inserted into the flange at the 4-
1/2" marl[. A spacer of galvanized steel pipe
(1" ID, 1 -1/4 " OD) was necessary to secure
the fitt ings.

• Two adjustable T- fitt ings  ( 1" ID, 1- 5/16"
OD) were attached to the 32"  length p ipe at
app ro ximately 7" and 19 -1/2" heights with
the above noted spacers. The T- fitting at the
7" height was  attached to the 4 -3/4" tubing.
T he T - fit t ing at  the 19 -1/2" heigh t was
attached to the 13 -1/2" tubing.

• An plas tic  end  c ap was add ed  to the lower
en d  o f  t h e  3 2 " tub ing to  p ro tec t  flo o r
surfaces from scratches.

FIGURE 1

The upper end of the 32" tubing was fit with
an adapted two piece stainless steel shaft
collar (1" ID, 1 -3/4" OD). The collar
contained a protrusion that was compatible
to the receptacle on the original shaft collar
(of the original PRC mount). T his locked
the pole- mounted device in place. The
protrusion was made by drilling and tapping
the receptacle collar and inserting a 10 -24
round head machine screw.

Cylind rical fo am ins ulatio n was  ins talled
o ver all expo sed tub ing sections for
protective and safety purposes.

FIGURE 2

FIGURE 3
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In ad dition to the device rec eptacle,  a head supp ort / switch
mount was designed. A small commercially - available occipital
angle b ar was  attac hed  to  the anterio r s urface of the s tander
with a 90 ° tube s lid e brac ket and  knurled knob . A kydex
switch mounting plate (2 -1/4" x 2 -1/4" x 1/4 ") was attached to
the occipital bar beneath the foam liner using a s tandard hose

clamp (see figure 4).

FIGURE 4

DI S C US S I ON
The final fit ting and adjustments to the s ystem were made at
the time o f delivery. The o p timal angle and  height o f the
device were determined and the mo unt angles lo cked in place
using the set screws o f the structural fittings. The total cost
of the materials  involved for the devic e recep tacle mo unt was
app ro ximately $35, and  for the head suppo rt  ap proximately
$70. The entire adaptation was perfo rmed in approximately 2-

3 hours.

As a res ult of this mo unting sys tem,  J. J.  is  now ab le to  use
his Light Talker throughout the sc hoo l d ay regardless of his
position. Time in his  supine stand er no  lo nger means  t ime
unable to access his voice - output communication device. He
is  now able to  alternate p os it io ns  throughout the day while
maintaining independent communication.
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Knurled knob 3551

Hardware store
Tub ing
Galvanized Steel Pipe
Chair Leg Rubb er Tip
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DE V EL O PM E N T O F A  LE N DI N G  L I BR A R Y O F C O MM U NI C A TI O N E Q UI P ME N T

FO R  P E OP L E W IT H  AM Y OT R OP H IC  LA T E RA L  S C LE R OS I S

Ka t hl e en  M.  Sm i th ,  M . S. P .A . ,  K a th r yn  Yo r ks t on ,  P h .D . ,
Au g me n ta t iv e  C o m mu n ic a ti o n C en t e r,  De p ar t me n t o f

Re ha b il i ta t io n  M e di c in e , U ni v er s it y  o f  W a sh i ng t on ,  S e at t le ,
WA . , D en t on  Ki e hl e , A LS  Su p po r t S er v ic e s,  Ki r kl a nd ,  W A .

A m y o t r o p h i c  L a t e r a l  S c l e r o s i s (AL S)
is a p r o g r e s s i v e d e g e n e r a t i v e
d i s e a s e o f u n k n o w n e t i o l o g y
i n v o l v i n g  t h e  m o t o r  n e u r o n s  o f  b o t h
t h e  b r a i n  a n d  s p i n a l  c o r d , A s  m a n y
as 7 5  p e r c e n t o f  A L S  p a t i e n t s  a r e
un a b le  t o  s p e ak  a t  t h e  t i m e  o f  th e i r
d e a t h . P r o v i d i n g e x p e d i e n t
c o m m u n i c a t i o n  a u g m e n t a t i o n  s e r v i c e s
t o  a  p o p u l a t i o n  w h o s e  c o m m u n i c a t i o n
n e e d s c a n c h a n g e r a p i d l y a n d
f r e q u e n t l y  i s  a  c l i n i c a l  c h a l l e n g e .
O n e  w a y  o f  s u c c e s s f u l l y  m e e t i n g  t h e
A L S  p o p u l a t i o n  c o m m u n i c a t i o n  n e e d s
is  th e  cr e at i o n o f  a  Le n d in g  L i b ra r y
o f C o m m u n i c a t i o n E q u i p m e n t . F i v e
y e a r s o f e x p e r i e n c e w i t h s u c h a
li b ra r y w il l  be  de s cr i be d .

A L S i s a t e r m i n a l p r o g r e s s i v e
d e g e n e r a t i v e  d i s e a s e  i n v o l v i n g  t h e
m o t o r  n e u r o n s  o f  b o t h  t h e  b r a i n  a n d
s p i n a l c o r d w h i l e c o g n i t i o n a n d
l a n g u a g e r e m a i n i n t a c t .
N e u r o p a t h o l o g y s u g g e s t s s i m p l e
a t r o p h y , s h r i n k a g e a n d  c e l l lo ss .
Th e  av e r a ge  w or l d  -w i d e i n c id e n ce  o f
A L S  r a n g e s  b e t w e e n  0 . 4  a n d  1 . 8  p e r
1 0 0 , 0 0 0  w i t h  p r e v a l e n c e  b e t w e e n 4
a n d 6 p e r 1 0 0 , 0 0 0 . M e a n a g e o f
on s e t is 5 6 y e a r s  w i t h  a  m a l e  t o
f e m a l e r a t i o o f 2 : 1 . S p e e c h
c h a r a c t e r i s t i c s  v a r y  d e p e n d i n g  u p o n
t h e c o u r s e o f t h e d i s o r d e r . if
i n i t i a l  s y m p t o m s  i n v o l v e  t h e  b u l b a r
n e r v e s ,  m o t o r  s p e e c h  a n d  s w a l l o w i n g
d i s o r d e r s  m a y  o c c u r  p r e c i p i t o u s l y .
If s p i n a l s y m p t o m s o c c u r f i r s t ,
s p e e c h  s y m p t o m s  w i l l  o c c u r  l a t e r  i n
t h e d i s o r d e r . S i t v e r a n d
K r a a t ( 1 9 8 2 ) r e p o r t e d u s e o f
a u g m e n t a t i v e c o m m u n i c a t i o n b y 4 0
p a t i e n t s w i t h  A L S . A v e r a g e t i m e
p o s t  - o n s e t w h e n a u g m e n t a t i v e
co m m un i c a ti o n  w a s  ne e d ed  w a s 3  ye a r s
(range 6  months to 10 ye ars +) . O n e
th i r d o f  th e s e p a t ie n t s u s e d s y st e m s
f o r  m o r e  t h a n  2  y e a r s . In  a  r e c e n t
su r v ey  o f  i n d iv i d u al s  wi t h  AL S ,  h a l f
r e p o r t e d  t h a t  t h e y  w i s h e d  t o  h a v e
mo r e  i n f o rm a t io n  a bo u t  c o m m un i c at i o n
sy s t em s  (S i l ve r s te i n , e t . a l , 1 9 91 ) .

P r e v i o u s e x p e r i e n c e w i t h t h e s e
p a t i e n t s h a s i n d i c a t e d t h a t t h e
u s u a l  p r o c e d u r e  o f  s e e k i n g  f u n d i n g
f o r c o m m u n i c a t i o n e q u i p m e n t fr om
in s u r a n c e  c o m p a n i e s  o r  M e d i c a i d  a n d
o r d e r i n g f r o m c o m p a n i e s wa s t o o
s l o w . By t h e t i m e t h e p a t i e n t
re ce iv es  t he  n ew  e qu ip me nt , th ey  m ay
b e  u n a b l e  t o  u s e  i t . T h e  o b j e c t i v e
o f  t h i s  a b s t r a c t  i s  t o  d e s c r i b e  t h e
AL S Su pp or t Se rv ic es  L en di ng  L ib ra ry
o f C o m m u n i c a t i o n E q u i p m e n t , t h e
p e o p l e w h o a r e r e f e r r e d , t h e
o p e r a t i o n o f  t h e li b r a r y a n d its

su cc es s.

T h e A L S S u p p o r t S e r v i c e s L e n d i n g
L i b r a r y  o f  C o m m u n i c a t i o n  E q u i p m e n t
b e g a n in 1 9 8 8 . F u n d i n g o f t h e
e q u i p m e n t w a s p r o c u r e d b y A L S
S u p p o r t S e r v i c e s o f  W a s h i n g t o n , a
g r o u p p r o v i d i n g i n f o r m a t i o n a n d
s u p p o r t r e g a r d i n g A L S . T h e y
ob ta in ed  a n in it ia l gr an t in  1 98 8 of
$ 2 5 , 0 0 0  f o r  p u r c h a s e  o f  e q u i p m e n t .
Si n c e  t h e n ,  t h e y  h a v e  a l s o  p r o v i d e d
$ 1 0 , 0 0 0 f o r  m o r e e q u i p m e n t . All
eq u i p m e n t  h a s  b e e n  p u r c h a s e d  b y  a n d
h o u s e d i n o u r h o s p i t a l ' s
A u g m e n t a t i v e  C o m m u n i c a t i o n  C e n t e r .
Th e le nd in g li br ar y wa s or ga ni ze d to
be  a c c e s s i b l e  t o  a n y  A L S  p a t i e n t  i n
t h e s t a t e o f W a s h i n g t o n f r e e of
c h a r g e a n d w o u l d r e q u i r e a
co m m u n i c a t i on  e v a l u a t i o n b y  a  l o c a l
s p e e c h p a t h o l o g i s t o r t h e s p e e c h
p a t h o l o g i s t i n t h e h o s p i t a l ' s
A u g m e n t a t i v e  C o m m u n i c a t i o n  C e n t e r .
A n A L S w o r k s h o p , p r o v i d e d  b y  o u r
ho sp it al  in  F eb ru a ry  1 98 8,  he lp ed  t o
e s t a b l i s h t h e l e n d i n g l i b r a r y .
F o r t y  p e o p l e  f r o m  a c r o s s  t h e  s t a t e
at te nd ed  th e al l  d ay  w o rk sh op . Most
p a r t i c i p a n t s w e r e s p e e c h
p a t h o l o g i s t s . P r o c e d u r e s f o r a
c o m m u n i c a t i o n e v a l u a t i o n a n d f o r
ob ta in in g eq ui pm en t we re  e xp la in ed .

S i n c e th a t wo r k s h o p , t h e le n d i n g
li b r a r y  h a s  r e c e i v e d  r e fe r r a l s  f r o m
t h e N e u r o m u s c u l a r S p e e c h a n d
S w a l l o w i n g  D i s o r d e r s  C l i n i c  a t  t h e
hos pi ta l, th e  A L S  Su p p o r t  Se r v i c e s ,
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MDA, speech pathologists and family
or friends of the patient. ALS
patients in the Neuromuscular Speech
and Swallowing Disorders Clinic are
rated on functional motor scales.
The speech scale is from 1-
nonspeaking to 10- normal speech.
Generally at level 4 patients become
concerned enough to request an
a u g m e n t a t i v e c o m m u n i c a t i o n
evaluation. The scale scores for
upper and lower extremity function
for 105 visits for ALS patients with
level 4 speech is highly variable
Some considered motor functioning of
their extremities within normal
range while others considered both
upper and lower extremities severely
impaired. Thus a wide variety of
communication equipment is needed to
meet these motor needs.

General guidelines of the evaluation
include an initial session of
approximately one hour which is
p r i m a r i l y i n f o r m a t i o n a l .
Communication strategies and
equipment that might be immediately
appropriate are discussed as well as
a brief review of other equipment
that might want to be considered at
a later date. As appropriate,
occupational therapy also assists to
determine appropriate accessing
methods.

The library encompasses a wide
variety of devices which can be
categorized according to the general
function they perform. There has
consistently been a high demand for
attention - getting systems such as
simple buzzers and /or nursery
monitors. The library also includes
speech enhancers such as a voice
amplifier, loop tapes for use on the
telephone and alphabet boards to
supplement speech with the patient
pointing to the first letter of each
spoken word. In addition, there is
written output capability with
several Canon communicators, Casios
and Sharp Memowriters. High tech
equipment with speech and printed
output include Words+ systems,
LightTalker and Real Voice.
Miscellaneous equipment includes

headlights, eye gaze boards,
switches, cables, ribbons, paper
supplies and a miscellaneous fund is
designated for repairs and supplies.

Since 1988, 53 people have completed
loan agreement forms indicating they
have borrowed the equipment. Of
those, 39 devices have been returned
and 14 are still checked out. Length
of time equipment is checked out is
highly variable with some patients
changing equipment during the
progression of the disease. The
average time with the same piece of
equipment was six months or less.
One patient continues to use daily
the same system he started using in
February, 1988. Patients from all
corners of the state have borrowed
the equipment.

Problems remain such as not having
enough of the specific type of
equipment patients are requesting
and patients not being aware of the
lending library. Thus, we are
conti nuing to seek additional
equipment and encouraging doctors
and speech pathologists to refer
patients to the ALS Support Services
Lending Library of Communication
Equipment.
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HABILITATION OF A CHILD WITH CLOVERLEAF SYNDROME

Charles J. Laenger, Carla Tiddy, Jacque Hodges
Susan Atkinson and Chris Bailey
Kaiser Rehabilitation Center

Tulsa, Oklahoma

Abstract

An eight year -old boy with very
severe congenital defects was
evaluated for equipment that will
f a c i l i t a t e d e v e l o p m e n t of
communication and environmental
control capabilities and improve
postural positioning. A m ean s f or
eliciting environmental control and a
p r e c u r s o r f o r d e v e l o p i n g
communication was identified. A
postural positioning approach was
specified and a comprehensive report
and budgeting estimate were submitted
for approval.

Background

T.D. is a deaf, blind, mute and non -
ambulatory eight year -old boy. He
li k es  to  be  t ou c he d  a n d  h e  e n jo y s
being handled and cuddled by his
loving parents. He can hold and suck
a bottle with bifurcated handles
using his polydactyl hands. He likes
motion of a car or buggy and he
particularly likes the harmonic
motion of a swing. A homebound
education program is provided by the
local district, but progress is slow.

T.D. Has Good Head Control

One member of the habilitation team
visi ted the  cli ent in  h i s  h o m e  t o
become acquainted with the family and
to mak e a cu rsory evalua tion. The
team reviewed a medical study
conducted by a geneticist and
radiologist and others when the
client was an infant. This study,
entitled "Cloverleaf Skull Associated
with Unusual Skeletal Anomalies"
identified many skeletal anomalies
(1). Brain stem auditory evoked
potentials indicated profound hearing
loss bilaterally. Similar studies
indicated profound blindness in one
eye and very low vision in the other.
Even at this age, there was webbing
over the popliteal areas. Physicians
have been reluctant to recommend
surgical intervention to correct any
of these abnormalities.

An in -depth communication and
environmental control, and a
positioning evaluation were conducted
at the rehabilitation center.
Participants incl uded  the parents,
special educator, vision specialist,
occupational therapist, physical
therapist, rehabilitation technician
and rehabilitation engineer. The
parents provided medical and
developmental history of T.D. They
described methods used in the home to
feed, toilet, dress, enterta in and
care for this son. They also
discussed his likes and dislikes and
ho w  h e  r e la t ed  to  a y ou n ge r , non-
disabled brother. They listed
positioning and communication as top
priority needs. The special
educators and vision specialist
demo nst rate d t he m eth ods routinely
used in the homebound stimulation and
education program.

Objectives

The major objectives were, (1)
identify an approach to development
of communication and environmental
control, and, (2) specify an approach
for development of positioning,
mobility and transportation systems.
One of the prime needs was to develop
a pl an a nd b udge tar y es tima te t hat
would facilitate acquisition of
medical approval and submission to a
suitable funding source.

Approach - Communication /Environmental
Control Evaluation

During interactions with the special
educator, vision specialist and the
father, T.D. used head nods to
communicate approval, likes and
dislikes. He used six to eight
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consonant vo wel and vowe l consonant
combinations to communicate specific
needs. But h e de mons trate d li ttle
overt effort  to feel or manipulate,
and thereby to control, his
environment.

Battery Powered Swing
Modified For Remote Control

In order to elicit control activities
by any communicatively impaired
client, it is imperative to identify
something that they like -and that
they  wi ll a cti vely  se ek. Harmonic
motion provided by a simple swing was
identified as that stimulus.
A c c o r d i n g l y , a co m m e r c i a l l y
available, battery powered swing was
acquired and modified for remote
switch control. When T.D. was placed
in the swing seat and provided a
momentary -on switch, he immediately
understood that he caused the
swinging action. He actively
struggled to operate the switch that
made the swing operate. He clearly
expressed displeasure when the switch
was  r emo ve d a nd  t he sw ing  s top pe d.
Later, he  r e si st e d an y  a tt e mp t to
remove the switch from his grasp.

The client was presented with a
second momentary -on switch that
contol led a  vibr ator. He clutched
and, thereby, operated the switch and
recei ved a  vibr atory  stim ulus. He
did  n ot  l ik e th is  an d at te mp te d to
push the second switch away.

T.D. Controlled The Swing.

Approach - Postural Position Evaluation

T.D. uses an old Safety Travel Chair
which he has outgrown. The parents
reported that it forces the legs in
full abduction. His father reports
that T.D. is uncomfortable with his
legs in a neutral position. However,
he  di d  n o t d e mo n st r at e  a n y stress
when in the swing seat where he sat
for about thirty minutes. The client
was evaluated on the mat to determine
range of motion, muscle tone and
movement patterns.

T.D. Is U ncom for tabl e Wi th Legs  In
Neutral Position.
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T.D. Rejected Vibrator Stimulus

Results- Communication /Environmental
Control Evaluation.

It is clear that continuation of
speech - language therapy is justified.
T.D. demonstrated an understanding of
cause- and - effect and eagerness to
initiate harmonic motion stimuli
generated by the battery powered
owing. He demonstrated the ability
to Beek and operate momentary -on
switches. Therefore, it was
recommended that various types of
switches and switch mounting methods
be utilized in controlling audio,
light, vibratory and animated
devices. Th i s c ou l d b e  d o ne  in  a
systematic manner within the
homebound education program under
supervision of communications
specialist.

Results - Postural Positioning
Evaluation

A tilt -in -space wheelchair and a
custom- contoured Beadseat seat and
back were r ecommended. It  m ay  b e
neces sary  to fabr icate  and  mou nt a
frame for an integrated seat and back
rather than using discrete seat and
back modules.

A Columbia car seat was recommended
fo r us e wh en  t ra ns po rt in g T. D. by
automobile. A walker or prone
scoo ter,  to be s ele cted  lat er, was
included in the budgetary estimate.

Severe Webbing in Popliteal Area

Discussion

A comprehensive letter addressed to
the referring physician and the
school district administrator, was
prepared and submitted. This
included captioned photographs,
description of the whe elch air and
other equipment and cost breakdown.
This will be submitted to a suitable
funding source. Dr. B. Say, the
geneticist who conducted the medical
study for this client, will
collaborate with the principal author
to f oll ow and  do cum ent  pr ogr ess  in
the habilitation of this child.
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A FLUSH MOUNTED TRAY SYSTEM FOR AN AAC DEVICE

Colin S. Twitchell, B.A. Adaptive Equipment Designer /Consultant
Susanne H. Shealey, M.S. OTR/L

Institute on Applied Technology, Communication Enhancement Center, Children's Hospital, Boston, MA

ABSTRACT

Custom lap trays have been fabricated by an adaptive
equipment designer /fabricator working with the profes-
sional staff with in a clinical setting. These custom trays
were necessary because the commercially available
AAC device mounts were not adequately meeting the
needs of many individuals seen within this clinical set-
ting. During the course of designing and fabricating
many different custom tray systems it became apparent
there were some standard features that mostof the trays
had. These features were analyzed and several proto-
type trays were made that embodied the results of the
analysis. Astime, testing and trial evaluation progressed,
a tray system emerged that clamped on the wheelchair's
frame. This proved to be the most versatile method for
mounting the AAC devices.

INTRODUCTION

This tray system evolved because the commercially
available AAC device mounting options were generally
inadequate for the non - speaking AAC device users
seen in the clinical setting. The shortcomings of the
commercially available mounting systems were as fol-
lows:
' Failure to provide a surface for the user's forearm
support, a prerequisite for efficient physical access to
the keyboard.
Limited ability to use the mounting system for activities
other than communicating_

' Limited interchangeabili ty of  the mounting system
between user's multiple wheelchairs.

' Limited ability to properly position the AAC device to
satisfy each users physical and visual requirements.

" Failure to provide adequate protection for the AAC
device from moisture, impacts and other potential
hazards.

' Limited versatility of clamp which secures the AAC
device mount to the wheelchair frame. The custom tray
systems were built in response to the individual needs
of the non - speaking AAC device users seen by the
center.

About two years after the first custom trays were built it
was proposed that an attempt be made to develop and
get manufactured a tray system that embodied the
solutions to the problems with the commercial AAC
device mounts. The various custom tray systems that
had been built over the last two years addressed most
of these problems, so this provided a starting point for a
production tray. Aside from addressing the aforemen-
tioned problems the production tray system needed to
be reasonably easy to make, be compatible with abroad
range of wheelchairs and accommodate a number of
AAC devices. After a year and several prototypes the
production prototype was completed. The development
of the production tray system appears to have been
successful and it is the design of thattray system that will
be discussed next. (f igure 1) As a note, getting the tray
system manufactured has to date been unsuccessful,
but that is an other story.
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FLUSH MOUNTED TRAY SYSTEM

Figure 2

DESCRIPTION OF THE DESIGN

In essence the production tray system consists of a
rectangular flat tray surface 24" x 26" made from 1/4"
phenolic which has a shallow stomach cut out in it and a
rectangular cutout in it approximately the size of the AAC
device that will be used with it. Attached to the tray
surface is a cover that is hinged atthe forward edge of the
cutout for the AAc device receptacle and is the same size
as the cutout. Bolted to the underside of the tray surface
is an aluminum frame that supports a receptacle made
from vacuum formed 1/4" A.B.S. plastic. In the recep-
tacle is placed the ACC device.
Thereceptacle pivots up through the
tray surface by means of a pivot point
formed by a hole in the aluminum frame
through which a steel tube goes and is
clamped to the back of the receptacle. '
A handle is attached to the end of the
tube. This handle is used to raise the
receptacle up and down. The handle is
part of an adjustable latching mecha-
nism that allows the receptacle to be
angled from 0 to 45 degrees. (see fig-
ures 2 & 3) Also attached to the alumi-
num frame is a clamp that holds a 7/8"
diameter tube with a 90 degree bend in
it. This is the tube that holds the tray to
the wheelchair. The end of the tube fits
into a socket that is bolted to the wheel-
chair frame.

This socket allows the tube with the tray
on it to be swung out to the side so that
the
wheelchair user can transfer in and out
of the
wheelchair. The socket is made so that
it can
clamp on to 7/8" or 1 " diameter frame
tubing, additionally the socket allows
the tube with the tray on it to be tilted
forward and back.

FEATURES OF THE DESIGN

M A W In this section the more important fea-
tures of the tray system's design will be
discussed. The tray system can be eas-
ily moved from one wheelchair to an-
other wheelchair that has a socket on it.

This feature allows a user with two wheelchairs to use
their tray system on both wheelchairs. This is accom-
plished by lifting the tube with the tray on it out of the
socket on one wheelchair and placing it in the socket on
the other wheelchair. The AAC device is protected from
moisture by the vacuum formed receptacle and the cover
in the tray surf ace. Protection from impact is provided by
the tray surface, frame and tube that the tray is clamped
to. In order to give the user a better viewing / keyboard
angle the AAC device in the receptacle can be angled
separately from the tray surface. The angle that the AAC
device comes up to can be set by the user by means of
the adjustable latching mechanism. Once the angle has

� i

Figure 3
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been set the
AAC device will repeatedly come up to that angle. To
deploy the AAC device the user pulls back on the
handle. This brings the AAC device up to the pre -set
angle and locks it there. As the receptacle with the AAC
device in it comes up from from being flush with the tray
surface it pushes on a cam which opens the cover.
When the user is done using the AAC device or wants
an uninterrupted tray surface they can push the handle
to the side which lets the receptacle back down below
the tray surface. The cover is then closed by pulling a tab
on the cam that opened the tray. Once the cover is back
down over the AAC device it forms an uninterrupted
surface with the tray. To provide better support for the
user's forearms and a more functional placement of the
AAC device the tray system can be adjusted in many
ways. The height of the tray and how close it is to the
user is adjusted at the socket. The angle of the tray
surface and any offset needed to the left or right are
accomplished by adjusting the clamp that holds the tray
system to the bent tube. A final feature is that the socket
and its wheelchair mounting clamp are fairly compact.
Because the socket and clamp are compact there is a
greater choice of mounting sites on the wheelchair.

DISCUSSION

The tray system in its most current form has met with
favorable criticism. The most resent prototypes have
been circulated amongst OTs, PTs, communication
specialists and adaptive equipment designers. Their
positive comments have lead us to continue the devel-
opment of the tray system and its manufacture. Some
of the areas of development thatwe plan to explore are:
fabrication cost reduction, easier installation on smaller
wheelchairs, receptacles designed for lap top comput-
ers, and automatic cover closing.
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EMPLOYING THE CORNEA- RETINAL POTENTIAL DIFFERENCE TO CONTROL AN ACS

Joseph J. French, Arthur A. Siebens, M.D., and Donna C. Tippett, M.A.
Division of Rehabilitation Medicine, The Johns Hopkins University and
Speech - Language Pathology Department, The Good Samaritan Hospital

Baltimore, Maryland

ABSTRACT

Eye blink switches may be difficult if not impossible to
operate by an individual with locked -in syndrome.

It has been known for many years that vertical eye move-
ments produce electrical potentials that can be picked up
by surface electrodes placed on the skin near the eyes. To
our knowledge no one has attempted to use these poten-
tials to control alternative /augmentative communication
systems (ACS).

This  paper describes  a device we have designed that
amplifies and processes these potentials, allowing them to
control a variety of communication devices.

BACKGROUND

Loss of the ability to communicate is particularly cata-
strophic for individuals who are cognitively intact but are
quadriplegic and have severe speech /oral motor impair-
ments. Increasingly, technological advances have made it
possible for such individuals to communicate using ACS
(alternative /augmentative communication systems). These
ACS typically capitalize on intact movement of the head,
neck, eye or eye lid (14). One type of device uses the
interruption of an infrared beam reflected from the eye
during blinking as the output signal for controlling an
ACS. Proper switch placement can be time - consuming and
can require unusual expertise on the part of the caregivers.
These requirements result in lack of carryover of the ACS
into everyday living (5, 6).

STATEMENT OF THE PROBLEM

The control of volitional eye movements is organized in
the central nervous system in such a way that vertical
motion of the eye can be preserved despite loss of volition-
al horizontal motion. Lesions of the brain occasionally
result in losing control of all muscles, i.e., those of the
extremities, trunk, neck and head, except for vertical eye
motions.

This problem was experienced by a former patient with
"locked in" syndrome. She was a 31 year old woman with
quadriplegia and anarthria, status post resection of a
cavernous hemangioma on 5/10/88. Following surgery, the
patient demonstrated only vertical eye movements. The
patient was admitted to our acute rehabilitation unit in
1989 and learned to use a row /column scanning ACS with
an infrared eye blink switch. In 4/89, the patient was dis-
charged to a  nursing home. She experienced multiple
medical complications, including a left tarsorrhaphy and a
loss of sitting ability. When the eye blink switch was placed
on the right lens of her eyeglasses, the patient could not
see her ACS clearly. The switch could not be activated on

P1.5

the left. The loss of sitting ability precluded proper
positioning to access the ACS. The patient was readmitted
to our rehabilitation service on 9/24/91. Our challenge was
to develop a switch which would access an ACS via vertical
eye movement and require minimal time for setup.

RATIONALE

Mowrer, Ruch and Miller (1936) demonstrated conclusive-
ly that the retina polarizes the eye, the posterior or retinal
surface of the eye being negative  with respect to the
anterior or corneal surface (7). Motions of the eye are
therefore associated with field effects which can be picked
up by electrodes placed at right angles to the axis of ocular
rotation. This electrophysiologic phenomenon is commonly
used for identifying the sleep state characterized by rapid
eye movements (REM sleep).

In an evaluation procedure, electrodes were applied to the
patient as shown in Fig. 1 A. These were connected to a
physiological preamplifier. The active electrode which went
to the nouinverting input was placed approximately one
centimeter out from and one centimeter above the comer
of right the eye. The active electrode which went to the
inverting input was placed approximately one centimeter
out from and one centimeter below the comer of the right
eye. The indifferent electrode was placed behind the right
ear over the mastoid. The patient demonstrated ability to
generate reliable signals on a physiological recorder
monitor. An upward movement of the eye produced a
positive signal and a downward movement produced a
negative  signal.  These s ignals were in the  50 to 100
microvolt range.

A B
Figure 1. Electrodes and preamplifier

DESIGN

Either the positive or negative signal could be used to
produce a control pulse. However, in order to avoid false
signals, the patient would have to stare straight forward
while the device is in use, an obvious impracticality. The
circuit is designed to respond only to a combination of
these movements and in a very restrictive format, i.e. a
quick upward movement of the eye followed within
approximately one half second by a quick downward
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mo v eme nt o f  t h e  e y e . Very few ar t ifac ts  ge nerat ed  b y
no rmal eye mo vements  fo llo w this  s eq uenc e.

Safety consid erations
Since the sens ors  are lo w imped anc e elec trod es c o nnected
to  the p atie nt ,  it  is  imp erative tha t  the s ens in g d evic e b e
to tally s elf  co ntained  and  in no  way electric ally co upled to
any o t he r devic e. This is ac c o mplis hed  b y making the
d evic e b at ter y o p era ted  an d  c o up lin g to  an o th er d ev ic e
thro ugh an infrared  Light emitting d io d e.

Extraneous noise el imination
T he res is tanc e o f eac h inp ut (no ninverting and  inverting)
is  o ne mego hm. As shown in Fig. 1 B,  the ac tive electro des
ar e  c o up l e d t o  t h e  pa t i e n t  t hr o u gh  t wo  m at c he d ( 1  % )  o n e
mi c r o f a r ad c ap ac i t o r s  i n o r d e r  t o  b l o c k  t h e  D. C.  po t e nt i al s
o r i g i n at i n g i n  t he  c o nt ac t  o f  t he  e l e c t r o d e s  wi t h t h e  s k i n .

If no t bl o c k e d t he s e wo ul d m a s k t h e e ye mo ve m e n t
po t e n t i a l s .  Th i s  e r r o r  i s  f u r t h e r  r e d u c e d  b y  t r i m m i n g  t h e
i npu t  r e s i s t o r s  ( Fi g .  1  B)  t o  ma ke  t he  t i me  c o ns t ant s  o f  t he

i np ut s  i d e nt i c a l .  Thi s  a s s u r e s  t h at  t he  c a pac i t i ve l y c o up l e d
and  di r e c t  c o u pl e d c o m mo n m o de  r e j e c t i o n  r a t i o s  ar e  bo t h

1 0 0  d B ( e s p e c i a l l y at  6 0  Hz ) .

Seq uence of  opera tion
The fo llowing d es crip tion refers  to F ig. 2 (C ircuit)  and  F ig.
3 (Wavefo rms ).  T he wavefo rms s ho wn in F ig 3 are id eal-
ized  in o r d er to  mo r e c learly  illus trat e the o p er atio n and
timing s eq uenc e o f the c irc uit .

AMP  1 is  a d ifferential p reamplifier with a gain o f 100.  It
amp lifies  the raw eye mo vement s ignal (A).  LP F  and  HP F
are s imp le resis tanc e - c ap ac itanc e low pas s  and high pas s
filters resp ectively with an ap pro ximate cut -o ff freq uenc y
o f  16  Hz . fo r LP F  a nd  3 . 4 Hz . HP F .  (B)  in d ic a tes  the
filtered  eye mo vement s ignal (mo s t o f the art ifac ts  elimi-
nated ) at two levels of amp litud e: 1) the o utp ut of
LP F /HP F  and  2) this  o utp ut amp lified  b y AMP  2.  AMP  2
is  a no ninvert iug varia b le gain amp lifier .  I t s  gain ra nges
fro m X 4 0 t o  X  2 00 an d ,  in p r ac t ic e ,  is  s e t  f o r o p timal
op eratio n o f the c irc uit .

The o utp ut o f AMP  2 (B) is  fed  into  the inp uts o f CMP  1
and  INV.  CMP  1 is  a vo lt age c o mp arat o r the  o utp u t (C)
of whic h is  high when its  inp ut (B) is  les s  than 1.2 V.  As
shown in (C),  it generates  a fast  fall time when the po sit ive
portio n o f the eye movement signal (13) reac hes  1.2 V. 'This
fast  fall t ime is  nec es s ary to trigger TMR 1.  Its o utput (C:)
will remain lo w until its  inp ut (B) dro p s  b elow 1.2 V.

4 " 4

Figure 2.  C irc uit

O

0
O

0

I - - - ONE SECOND —�

Figure 3. Wavefo rm

"1MR 1 is a variab le d uratio n timer whic h co ntro ls  the gate
in COMB. It generates a time wind o w (D), op timally
ab o ut o ne half s ec ond , limiting th e t ime in  whic h  t he
neg ative p o r tio n o f the  ey e mo v eme nt s ig na l h as  to  b e
initiated .  If  not init iated  within this  t ime,  no trigger s ignal
(F ) fo r T MR 2 is  generated .

INV is  an  inv e rt in g a mp lifie r with  a ga in  o f  o ne . It  is
neces sary to invert the eye mo vement s ign al h ere (E)
b ec aus e the c o mp arato r us ed  in COMB will no t res p o nd
to  a negative s ignal.

COMB is  a c o mb ination c o mp arato r and  t ime gate.  Three
events are nec es s ary to  o b tain an outp ut (F ): 1) the t imer

F G
COMB B t REC

LED
AMP3

PHT

I
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puls e fro m T MR 1 must b e p res ent to op en the gate (clos e
the " s witc h" ),  2) the inverted negative p o rtio n o f the eye
mo ve ment  s ig nal fro m WV (E) mus t  b e p res ent,  and  3)
this s ignal mus t b e at  leas t 1.2 V.

TMR 2 is  a variable d uratio n t imer that  generates a pulse
(G) wh ic h is  ind ep end ent o f the d urat io n o f the  COMB
(c o mp ara to r/ t ime  gat e) o utp ut.  I t  is  us ed  t o  d r ive LED
whic h is  an infrared  light emitt ing d io d e whic h is  the eye
mo vement detecto r ' s link to  the outs id e world .

REC is  the r ec eiv er fo r  the light emitt ing d io d e o u tp ut.
P HT  is  an infr ared  s e ns it ive  p h o to  tra ns is to r ,  wh ic h  is
ins en s it ive t o  amb ien t ro o m light.  AMP  3 a mp lifies  the
transistor o utput to  a level required  for co ntro lling another
devic e,  e.g.  a co mp uter,  a voice co mmunicator, etc .

DE VE L O P ME NT

In its  p res ent fo rm the receiver must b e app ro ximately one
inc h fro m the trans mitter (eye mo vement d etec to r).  T his
is  b ecause the d io de is  driven b y a low current in o rder to
red uc e b attery d rain.  If  the light emitt ing d io d e where to
be d riven by a higher c urrent,  the s p ac ing co uld  b e several
feet .

The filters  us ed  in the p res ent d esign are very c rud e.  An
ac tive band p as s filter wo uld be mo re selective in
dist inguishing b etween the physiological signals and
artifac ts .

EVAL UAT I O N

The init ial interfac e,  for training p urp o s es ,  was with  an
elec tro n ic  t ime r wh ic h c o nt ro lled  a s o lid  s ta te r elay .  A
s ma ll lamp  c o n nec ted  to  th e o ut p ut  o f  th e relay wo u ld
lig ht fo r  o ne s ec o nd  when  th e p ro p er  s e q ue nc e o f e ye
mo vements  was  perfo rmed . A light was c ho sen rather than
an aud ib le s ignal b ecaus e the p atient  had  a s evere hearing
loss.

Plac ement o f the elec tro d es  req uired  less  than 5 minutes .
They d id  not need to  be p laced in highly s pecific lo cations
o r re q uire  p rep aratio n o f  the s kin.  T he elec t ro d es  us ed
were S entry Medic al P ro d uc ts  (8) No.  1030.  T hey c an b e
wo rn a ll d ay  witho ut d is c o mfo r t  o r d amage to  the  s kin.
The elec trod es  were no t in the p atient ' s  line o f vis io n.

DIS CUS S ION

This device met criteria need ed  for facilitating carryo ver of
ACS : reliab ility and  minimal s etup  t ime.  In ad d it io n,  the
devic e was d urable and the elec tro des  lo w c os t .

Oc ular p heno mena  hav e b e en inc o r p o ra ted  in r es p o ns e
tec hnolo gy for severely imp aired ind ividuals. We are
unaware that  the  c o mea- ret inal p o tentia l d iffer enc e has
been us ed b efo re in this c ontext.  Altho ugh the ap plicatio n
in the p res ent  ins tan c e p ert ains  to  a p atient  who s e o nly
remaining vo lit ional ac t was vertic al eye mo tio n,
ap p lic atio ns  wo uld  b e o f in teres t  fo r les s  c o mp ro mis ed
ind ividuals  with impaired  output functions .
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P 1 . 6 A DESCRIP T IVE STUDY IN T HE US E OF HIGH QUALITY

PORTABLE SPEECH SYNTHESIZERS IN PHONE COMMUNICATION
WITH PREPARED AND UNPREPARED LIS TENERS
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ABSTRACT

E f f e c t i v e n e s s o f s y n t h e t i c s p e e c h i n
f u n c t i o n a l s p e a k e r p h o n e c o m m u n ic a t i o n
v a r i e d o v e r a b r o a d e r r a n g e t h a n
t h e i n t e l l i g i b i l i t y r a t e s f o u n d i n
p r e v i o u s s t u d i e s . T h e De c T a lk ,
S m o o t h T a l k e r a n d R e a l V o i c e s y n t h e s i z e r s
r a n k e d b y e f f e c t i v e n e s s , h o w e v e r , c o mp a r e d
f a v o r a b l y w i t h t h e p u b l i s h e d r a n k i n g b y
i n t e l l i g i b i l i t y . Us e o f p r e p a r a t o r y

d i g i t i z e d i n t r o d u c t i o n a s a me a n s t o
i n c r e a s e s u c c e s s f u l c a m u u n i c a t i o n h a d
s i g n i f i c a n t p o s i t i v e im p a c t o n t h e l e a s t
e f f e c t i v e s y n t h e t i c v o i c e a n d n e g a t i v e
i n f l u e n c e o n t h e  m o s t e f f e c t i v e v o i c e .
M o d e r a t e l y e f f e c t i v e v o i c e s b e n e f i t t e d
s l i g h t l y f r o m l i s t e n e r  p r e p a r a t i o n .

BACKGROUND

V o i c e o u t p u t c o m m u n ic a t i o n a i d s (VOCAs ),
a r e a mo d e r n  m e a n s b y  w h i c h  d y s a r t h r i c a n d
n o n  -  v e r b a l p e r s o n s c a n  p e r f o r m e s s e n t i a l
a c t i v i t i e s s u c h a s t e l e p h o n i n g f o r
i n f o r m a t i o n .

Ma ny a u g m e n t a t i v e c o m m u n ic a t i o n s y s t e m s
r e l y o n t e x t  - t o -  s p e e c h e l e c t r o n i c
s y n t h e s i z e r s  w h i c h c o n v e r t e n t e r e d s t r i n g s
o f c h a r a c t e r s i n t o  w o r d s a n d  s e n t e n c e s b y
f o l l o w i n g p r e p r o g r a mm e d m a t h e m a t i c a l
a l o g r i t h m s a n d p r o r x n = i a t i o n r u l e s .
P o r t a b l e a u g m e n t a t i v e c o m m u n i c a t i o n s
s y s t e m s a r e n o w  u t i l i z i n g h i g h q u a l i t y
c o m p u t e r i z e d s p e e c h  s y n t h e s i z e r s s u c h a s
De c T a l k , R e a l V o i c e , a n d S m o o t h T a l k e r . T h e
a d u l t i n t e l l i g i b i l i t y r a t e s u n d e r
l a b o r a t o r y c o n d i t i o n s f o r t h e s e s p e e c h
s y n t h e s i z e r s a r e o u t l i n e d i n t a b l e 1 .
( M i r e n d a & Be u k e l ma n , 1 9 8 7 , 1 9 9 0 )

T a b l e 1 .
I n t e l l i g i b i l i t y  o f S y n t h e s i z e d S p e e c h

S i n g l e Wo rd S e n t e n c e
D e c T a l k  P a u l 78% 97%
D e c T a l k  B e t t y 82% 96%
S m o o t h T a l k e r 3 . 0 64% 92%
R e a l V o i c e F e m a l e 54% 78%

T h e a i m o f t h i s i n v e s t i g a t i o n i s t h e
c o m p a r a t i v e e f f e c t i v e n e s s o f s p e e c h
s y n t h e s i z e r s u n d e r t h e p r a c t i c a l
c o n d i t i o n s o f f u n c t i o n a l t e l e p h o n e
c o m m u n i c a t i o n  w i t h  b o t h  p r e p a r e d a n d n a i v e
l i s t e n e r s . Ma n y  VO C A u s e r s h a v e m u l t i p l e

p h y s i c a l h a n d i c a p s , t h e r e f o r e t h i s  s t u d y
u s e d a s p e a k e r p h o n e  t o s i m u l a t e h a n d s  - f r e e
p h o n e c o m m u n i c a t i o n . T h e  p r e p a r a t i o n o f a
n a i v e l i s t e n e r w i t h  a n i n t r o d u c t o r y  r e m a r k
w i l l b e t e s t e d  a s a  s t r a t e g y t o i n c r e a s e
c o m p r e h e n s i o n o f i n i t i a l VO C A s p e e c h .

As i n t h e r e a l wo r l d , e f f e c t i v e n e s s o f
p h o n e c o m m u n i c a t i o n  w i l l b e me a s u r e d b y
mo r e t h a n  m e r e i n t e l l i g i b i l i t y , r a t h e r b y
functional r e s p o n s e ; t h e c o m p l e t i o n  o f a
r e q u e s t e d t a s k . Aw a r e n e s s o f t h e
f u n c t i o n a l e f f e c t i v e n e s s o f t h i s
t e c h n o l o g y w i l l h e l p  h e a l t h  p r o f e s s i o n a l s
h a v e r e a l i s t i c e x p e c t a t i o n s o f VOCAs a n d
c o n t i n u e t o ma k e a p p r o p r i a t e e q u i p m e n t
r e c o m m e n d a t i o n s .

P r o b l e m S t a t e m e n t s

1 ) How e f f e c t i v e a r e t h e t e s t e d h i g h
q u a l i t y p o r t a b l e s p e e c h s y n t h e s i z e r s  w i t h
u n e x p e c t i n g p a r t n e r s i n p h o n e
c o m mu n i c a t io n ?
2) Do e s p r e p a r a t i o n  o f t h e l i s t e n e r w i t h
a n i n t r o d u c t o r y d i g i t i z e d r e m a r k ma k e
i n i t i a l f u n c t i o n a l c o m m u n i c a t i o n v i a
s p e e c h  s y n t h e s i z e r  m o r e e f f e c t i v e ?

METHOD

T h e f u n c t i o n a l c o m m u n i c a t i o n t a s k  u t i l i z e d
i n t h i s s t u d y  w a s r e q u e s t i n g a n a d d r e s s
a n d t e l e p h o n e n u mb e r f r o m i n f o r m a t i o n
o p e r a t o r s i n t h e 2 1 2 , 7 1 8 , 5 1 6 a n d 9 1 4
a r e a c o d e s . E f f e c t i v e n e s s o f
c o m m u n ic a t i o n w a s  m e a s u r e d  b y t h e d e g r e e
o f p r o p e r d e l i v e r y o f t h e r e q u e s t e d
i n f o r m a t i o n . T he a c t u a l p h r a s i n g  o f t h e
r e q u e s t wa s , " H e l l o , may I p l e a s e  h a v e t h e
a d d r e s s a n d  p h o n e n u mb e r o f t h e De p a r t m e n t
o f Mo t o r V e h i c l e s i n  M a n h a t t a n / B r o o k l y n /
We s t b u r y  / W h it e  P l a i n s  ?  " .

T h e f i v e v o i c e s e v a l u a t e d i n t h i s s t u d y
we r e  D e c T a l k ( P a u l &  B e t t y ) , S m o o t h T a l k e r
a n d  R e a l V o i c e ( Ma le a n d F e m a l e ) w h i c h  w e r e
c h o s e n  n o t o n l y f o r t h e i r . r e l a t i v e l y h i g h
i n t e l l i g i b i l i t y , b u t f o r a d u l t l i s t e n e r
p r e f e r e n c e o f t h e s e  v o i c e s . ( C r a b t r e e e t
a l . , 1 9 9 0 ) T h i s s t u d y  u s e d  v a r i o u s  V O C A s
w h i c h u t i l i z e t h e s e v o i c e s . De c T a l k
e m i t t e d b y  M u l t i v o i c e l v e r s i o n 1 . 1 , a n d

R e a l V o i c e F e ma le p r o d u c e d b y R e a l v o i c e
PC=, we r e c o n t r o l l e d b y a P e r s o n a l

C o mp u t e r VO C A s o f t wa r e p r o d u c t c a l l e d EZ
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Keys3. The RealVoice Male was produced by
the EvalPac4, SmoothTalker by the VOIS
1605 and the digitized voices were

reproduced by the Macaw6 .

All the speech synthesizers spoke
sentences which were adjusted by phonetic
spelling or utilization of an exception
table to maximize their output
performance. In accordance with Easton's
(1985) conclusions, all functional
requests avoided single words or short
phrases but instead were formulated as
full sentences to enhance listener
comprehension.

A digitized recording of human voice
requesting the telephone number and
address was used in 12 trials to establish
a baseline of communication effectiveness
for this experimental design. Each of the
subsequent five voices was utilized in 24
trials, 6 for each area code. Half the
120 synthetic speech trials incorporated a
digitized introduction and half used
synthesized speech with no listener
preparation.

All synthetic voices were spoken through
the same Realistic model 21 -549 external
speaker. The volume in all trials was
moderately loud, measured and compared by
the microphone of a voice - activated tape
recorder. In all the trials, the same
Sanyo model AD200 speakerphone was used.
The access method on all the VOCAs was
direct selection.

Operational Definitions

Preparation of the listener by digitized
message about the imminent use of a speech
synthesizer was defined as follows:
"0" represents no introduction.
"1" represents full introduction. The
augmentative user plays a audio recording
of digitized voice which says, "I cannot
speak, I am going to use an artificial

speech synthesizer ".

Effectiveness of communication when
requesting performance of a simple task

was defined as follows:
"O" represents ineffective communication.
Task is not done, user is asked to repeat
all or part of the request.
"1" represents partially effective
communication. Task is done incompletely.
"2" represents effective communication.
Task is done appropriately.

RESULTS

Baseline results which utilized digitized
natural voice, revealed that for this

experimental design, a maximum full
effectiveness of 83% could be expected.
While not always fully effective, the
baseline results showed that natural voice
was statistically never wholly non-
effective (Table 2). Partial effectiveness
in all the trials was only the result of
the operator's giving the phone number but
not the address.

Table 2.
Natural Voice Baseline Effectiveness

# of Trials _% of Trials
Fully Effective SO 83%
Partially Effective 2 17%
Non - Effective 0 0%

As outlined in Tables 3 -7, none of the
synthesized voices equalled this level of
communication effectiveness. There was
a broad range across the speech
synthesizers. In full effectiveness,
DecTalk Paul, the synthetic voice with the
highest value, was only half as successful
as natural voice. RealVoice Female was
non -effective in 75% of the trials.

Table 3. DecTalk Paul Effectiveness
# of Trials _% of Trials

Fully Effective 10 42%
Partially Effective 13 54%
Non - Effective 1 4%

Table 4. RealVoice Male Effectiveness
# of Trials % of Trials

Fully Effective 8 33%
Partially Effective 13 54%
Non - Effective 3 13%

Table 5. DecTalk Betty Effectiveness
# of Trials _% of Trials

Fully Effective 5 21%
Partially Effective 14 58%
Non - Effective 5 21%

Table 6. SmoothTalker Effectiveness
# of Trials _% of Trials

Fully Effective 7 29%
Partially Effective 6 25%
Non - Effective 11 46%

Table 7. RealVoice Female Effectiveness
# of Trials _% of Trials

Fully Effective 6 25%
Partially Effective 0 0%
Non - Effective 18 75%

Both fully and partially effective
communication could be considered
generally effective. That is,

General Full Effectiveness +
Effectiveness = Partial Effectiveness

Table 8 shows general effectiveness for
all tested voices.
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Table 8.
General Effectiveness of All Voices

General Effectiveness
Natural Voice 1006
DecTalk Paul 96%
RealVoice Male 87%
DecTalk Betty 79%
SmoothTalker 54%
RealVoice Female 25%

This study also sought to examine the
influence of the use of an introductory
digitized remark prior to synthetic speech
communication. Table 9 outlines the
general effectiveness of each synthetic
voice with and without natural voice
introduction.

Table 9. General Effectiveness
and Preparation of Listener

General General
Effectivenes Effectiveness
Without With
Introduction Introduction

DecTalk Paul 100% 92%
RealVoice Male 83% 92%
DecTalk Betty 75% 83%
SmoothTalker 50% 58%
RealVoice Female 17% 33%

DISCUSSION

The results of this study indicate that
there is a broad range in the functional
effectiveness of different synthetic
speech synthesizers in speakerphone
communication. Full effectiveness ranged
from DecTalk Paul at 42% to DecTalk Betty
at 21 %, and general effectiveness from 96%
to 25%. As expected, these range of these
results were broader and the values were
lower than the laboratory sentence
intelligibility results. Though not
quantitatively comparable, the ranked
order of voices is the same in both
studies; DecTalk Paul, DecTalk Betty
SmoothTalker and RealVoice Female.

Except for Smoothtalker which was
partially effective 25% of the time and
RealVoice Female, which seemed to be
either fully effective (25%), or mostly
non- effective (75%), the synthetic voices
were partially effective about half the
time; DecTalk Paul (54%), RealVoice Male
(54%), and DecTalk Betty (58 %). It seems
that in these cases the operators were
able to understand "Department of Motor
Vehicles" but did not discern that the
request had been for not only the phone
number but the address as well.

intelligibility alone. Rather, perhaps
the hearing of an artificial voice was
simply a distracting experience, resulting
in the less -than- efficient task completion
of leaving out the address.

A digitized introductory remark improved
general communication effectiveness for
all synthetic voices except DecTalk Paul.
The most poorly effective voice in this
study, RealVoice Female benefitted most
from the introduction, raising its general
effectiveness from 17% to 33 %.

More investigation in functional
communication with portable VOCAs is
warranted. Face- to-face and less
insulated interactions may result in
significantly different communication
effectiveness. Further study in the
formulation and use of introductory
preparation of VOCA listeners is needed to
determine how it is most helpful.
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FOOTNOTES

1. MultiVoice is a hardware peripheral
product from I.A.T., Inc.
2. PC RealVoice is a hardware peripheral
product from ACS, Inc.
3. EZ Keys is software from Words +, Inc.
4. EvalPac is a dedicated VOCA product
from ACS, Inc.
5. VOIS 160 is a dedicated VOCA product
from Phonic Ear, Inc.
6. Macaw is a dedicated VOCA product from
Zygo Industries, Inc.

This might indicate that the communication Eddy Ehrlich
barrier in these partially effective cases 459 Columbus Avenue Suite 165
V M S no longer an issue of speech New York, NY 10024
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Abstract

The Sound -to- Speech Translation Utilizing
Graphic Symbols (STS /Graphics) system is a
voice recognition computer -based system
des igned to  allow ind ividuals  with mental
retardation and /or severe phys ical disab ilities to
communicate  with o thers  and  to  contro l their
environment. Operation of the STS /Graphics
system is through speech /vocalizations, switch
activat ion, o r keyboard input for act ivat ion of
electrical appliances and /or digitized speech
output. Customized photographic qual ity
symbols  representing  familiar items in the use r's
environment are displayed on the  monitor
for the user's cho ice  making. Choices for
communication o r environmental control
are made through direct selec tion, linear
scanning, or row /column scanning. Assessment
and educational appl icat ions are additional uses
of the sys tem. Research on the STS /Graphics
system was  conducted  with students  in a local
public  school system.

Background

There  are more than two mil lion chi ld ren and
adults in the United S tates whose  physical and /or
mental limitations  are so severe  that they are
unable to communicate  with o ther persons or
inte ract with and  learn from their environment in
an e ffective manner (Bricker & Fi lle r, 1985). Over
the pas t f ive years, vo ice recognition technology
has advanced to  the  po int where  i t now
represents  a viable , and even quite versatile,
means of  alternate access to education and
habi litation for pe rsons with severe hand icaps.
Speech is  the  mos t natural way to  communicate
and to  act on the  environment. Therefore, i t is
also  a natural means by which to  empower an
individual. Compute r techno logy, configured with
voice- recognition access for communication and
environmental contro l output, has the po tential to
effectively compensate f or the limitations imposed
by mental re tardation and /o r physical l imitations.
The Sound -to- Speech Translation Utilizing Graphic
Symbols (STS /Graphics) system inves tigated the
use of speech techno logy fo r communication and
environmental contro l.

The STS /Graphics system is a vo ice recognition
computer -based system designed to allow
individuals  with mental retardation and /or severe
physical handicaps  to  communicate with othe rs
and  to control  the ir environment. This includes
ind ividuals with quadriplegia, sp inal co rd injury,

P1.7

cerebral palsy, aging p roblems , arthritis, and
assorted neurological disorders. Operation o f the
system is through speech /vocalizations, switch
activation, o r keyboard input fo r operation of
electrical appliances and /or digitized speech
output. Customized photographic - quality symbols
representing available choices are displayed on
the  monito r f or the use r. The choices for
communication or environmental control  are
selectable through direct selection, l inear
scanning, o r row /column scanning. Assessment
and educational appl icat ions are other uses  of the

system.

The  main features  of  the sys tem are as fol lows:

Voice Input. The  system incorporates the Votan
2000 vo ice  recognit ion c ircuit board and  software
routines. Each user can store vo ice templates  for
sets  of up to 64 messages, consis ting  of  sounds
or word phrases of up  to  8 seconds each in
durat ion. Multip le use rs can simultaneously store
templates for their messages and access  them.
For individuals fo r whom cons is tent sound
production is  not possible , the system can be
adapted to accept a simple vocalizat ion as a
means of selecting desired items via a visual
scanning routine.

Sound -to- Speech Translation and Expansion. The
sys tem inco rporates  an algo rithm that trans lates
any designated  sound input, whether inte lligib le
or not, into a specif ied speech output. For
example, if  a user's vocal ization fo r water
approximates "wuh” and  s /he only speaks in
single - syllable vocalizations, the system can
immed iately output "Could I  have  a d rink of
water, please." The output is  digi tized speech
which can be up to  8  seconds in duration, thus
permitting s ing le words  or complete sentences  to
be output.

Environmental Control . The system incorporates
X -10 technology. Any voice  (or o the r) input can
be linked  to  the act ivation and  deac tivation of

any

electrical device. A s ing le voice input can be
linked to any combination of spoken outputs  and
device activations.

Universal Control ler. The system uses a One -for-
All  unive rsal control le r which can control  any
audio /visual device  that operates with the  use  of
an infra remote controller.

Graphics System Interface. The sys tem
generates photographic- quality images of items,
appl iances, or people in the  use r's environment.
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In add it ion, the  s ize of  the  image  as we ll  as the
number of  images  appearing on the  disp lay, can
be customized  to  the  use r. This is achieved by
digi tally scanning  the  images  into the computer.
Fo r example, a pho tograph of  a tape player might
be configured  to  produce  the message "I  like  this
music"  as  we ll  as  act ivating  the tape recorder to
play mus ic . Displays  can be created of varying
sizes  rang ing  f rom a 2  x 2  to  a 5  x 5  matrix. The
graphics display can "f lip"  to  a second  page of
choices as  wel l.

The  STS /Graphics so ftware provides  two
methods of  accessing  the sys tem: direct
selec tion, and scanning. In the direct select
mode, a user produces  dif fe rent sounds, each of
which is  matched to a pic ture that may be
included  in a single or multi - picture display. A set
of  sounds  can be  "trained"  in the  system and
sto red  f or each potential use r. A p ic ture can be
assoc iated with di f f erent utte rances fo r each
user. Thus, the  sys tem is  cus tomized fo r each
person who uses  i t . Scanning can be operated
two  ways : linear scanning or row - column
scanning. In ei the r scan mode, the  system
requires only a single vocal izat ion, and it is  not
necessary f or this sound to be  very cons is tently
pronounced  f rom one  ins tance  to the next. This
vocal izat ion is  used to  halt  the  scan routine.
Once  the  scan is halted, the  func tions  that are
assoc iated  with the cel l on which the scan
stopped are executed; that is, speech output,
environmental contro l,  or bo th.

Photo l ibraries are c reated for the  use rs. A library
consis ts of disks containing scanned images of
items which have  personal meaning  to the user.
The  l ib rary is arranged  by category and  may serve
as a good o rganizational model f or the  users. In
this  way, images may be used f or a varie ty o f
sub jec ts in their d isp lays.

Software Design. The  so ftware package is  made
up of  three  major components: Speech Manager,
Setup, and Sound -to- Speech. Speech Manager
provides the  aud io reco rd ing  and  vocabulary
training func tions fo r the speech recognition
board, Speech Manager p rocesses  and  sto res the
utte rances  o r words that are  used as  a trigger o r
switch by the  so f tware . For use in the  D irect
Select ion method  of  access, the vocabulary
trainings are matched to  an individual p ic ture . In
the  Scanning access  method , only one  sound
training is  in the  system. The  Se tup  section of
the  sof tware is used  to combine  p icture f i les,
audio output messages, and  environmental
control  commands into spec if ic  cells in a matrix.
When all  of  the required  cells in a matrix are f i lled,
then the  inf ormation is stored  as a "page"  f ile.
Sound -to- Speech executes any of the pages
created  by Setup  and generates  act ivity reports
regard ing the operat ion of  the  sof tware.

Reports. The sys tem generates activity reports
regarding the  operat ion o f the  so ftware. As each
cel l is act ivated, the act ions corresponding to  that
cel l, such as audio p layback and  environmental
control , are stored  in a data f ile from which
reports are de rived containing analyses of these
activi ties.

Research Questions

The f ollowing research questions were addressed
in this  s tudy: Can the subjec t learn the
cause /effec t relationship be tween vocal ization and
function? Can the subject learn that dif ferent
vocalizations are associated with di f ferent
functions? Will the subjec t exhibit increased
communication with o the rs? Is there a degree of
mental retardation that exc ludes  a user from
effect ive operation of this device? Is the graphics
component a viab le op tion f or this type of
communication /environmental control device?
What are the  s trengths and limitat ions of  the
system?

Method

The  hardware  used  in this study were a PC /AT
microcomputer, a Vo tan VPC 2000  Speech Card
and Speech Recognizer, a VGA Color Monitor, a
Color Scanner, and  a Mouse. The  so ftware  was
customized according to the  earlier desc ript ion.

Subjects. Twenty -f our students  from the  local
public schools were evaluated. The
characteristics of  the six selec ted subjects were
as fo llows: four females , two males , four
ambulatory, two non - ambulato ry, ages 7  -21 , with
diagnosis o f cerebral palsy, encephalitis , and  mild
to profound mental retardation. The subjects
understood  rud imentary scanning, knew cause
and eff ect, and had adequate vis ion and  hearing.
Research was  completed on three of the subjects.
Two were d irec t selec tors and ambulato rypry;
one was a scanner and non - ambulatory.

Procedure. The STS /Graphics system was
used  in the  schoo l environment of each subject.
Prio r to  the  experimental trials, personal items
presented  on the g raphics d isplay were identi f ied
using fo rced choice  se lect ion with each subject
for communication, environmental control , or a
combination of  both. Identif icat ion of each
subject as a d irec t selector or as a scanner was
determined. Operation o f the system was
integrated  with spec if ic training  strategies used
with the  subjects to teach them proper delive ry of
personal vocalizations  fo r system training and
operation as  we ll as for choice making  from items
on the d isplay. Each subject progressed through
specif ic training s teps from selec ting  a single item
on the  disp lay to  se lecting multiple  items on the
disp lay which were topically s imilar when
presented (i.e., beauty aids). A tr ial cons isted of
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the researcher prompting  the subject to activate a
specif ic device  or communication phrase. A tr ial
was deemed success ful if  the subjec t emitted  the
vocalization that corresponded with the  device or
communication that was  p rompted, and if  the
compute r system recognized i t as  such. During
single  i tem tr ials, there was only one graphics
icon d isp layed  on the monito r. Over time,
addit ional graphics icons  and  the ir corresponding
choices were  added to the d isplay. The subject
would  advance  f rom the  sing le item to  mult ip le
items based on successfully comp leting nine out
of twelve trials  on each level of item d isp layed.

Research Design. A multiple- baseline- across-
target - vocalizations experimental design was
imp lemented with al l sub jec ts , whereby
designated vocalizations resulted in output o f a
communicated phrase o r operat ion of an electr ical
device  in the environment.

Results

The  three  subjects, each of whom had  d if f erent
degrees of  mental retardation, learned to
communicate  and to make choices by using the ir
own personal vocalizat ions to operate the
STS /Graphics system. There  was variabi li ty
among the sub jec ts in their leve l of  prof iciency in
operat ing  the system. All learned the
cause /e ffect relationship between vocalizat ion and
action, and also learned that dif ferent
vocalizations  were associated  with dif ferent
functions. The subjects demonstrated increased
frequency of vocalization and speech usage
outs ide the  research environment. The graphics
component of the sys tem was  versatile  and
appropriate  in this application.

Discussion

The STS /Graphics system is a viable method for
communication and  environmental contro l by
persons having mental re tardation and /or o ther
physical disabilities. Limitations  o f the
STS /Graphics system were the microphone
placement demands , additional training of the
system due  to  sub jec ts improved vocalization,
noisy environments, and a lack o f portab ili ty of
the system. Additional applications of this
sys tem f or evaluation, training , and  education
should be explored. The  system was  ef fective in
encourag ing persons with mental re tardation to
use  their natural speech to communicate and to
control their environment. Further research on
voice recognition f or persons  with mental
retardation should be conduc ted.
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mentally retarded  individual: Philosophical and
implementation d ilemmas. In D. Bricker &  J. Fil ler
(Eds.), Severe mental retardation: From theory to
practice (pp. 2-11  ). Lancaster, PA: Lancaster
Press, Inc.
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ABSTRACT

Testing and debugging equipment is a concern of all
manufacturers of electronic equipment. Because of the
importance to users, proper testing of electronic com-
munication aids is especially critical. This paper out-
lines some of the techniques that we used to test and
debug our latest communication aid. The strategies
that are discussed are beta testing, environmental test-
ing and automated testing.

BACKGROUND

Communication Devices, even more than other elec-
tronic devices, must be designed to withstand the daily
use which is expected from them. When a consumer
device malfunctions, its often an inconvenience. When
a communication aid malfunctions, however, the user
must rely on some less efficient means of communica-
tion, at least until a replacement device can be sent
from the factory. Paradoxically, communication aids
are frequently used in more hostile environments than
similar consumer equipment. Most computers are in-
tended to be placed on a desk and seldom, if ever,
moved. Communication aids, on the other hand, are
transported on school buses, taken out in the rain and
bounced around on wheelchairs. Therefore, although
communication aids are often used in harsher environ-
ments than similar consumer devices, it is more critical
that they continue to function properly.

STATEMENT OF THE PROBLEM

Several issues are important in making sure that a
newly designed communication aid is ready to go to
market or even to be used by a number of people in a
clinical setting. These design issues can be divided
into two broad categories. The first category deals
with the device as an embodiment of concepts. When
the product definition is initially prepared, the device
often only exists on paper and in the minds of the de-
signers. Therefore, some of the features which
seemed wonderful at the point of product definition do
not work very well when actually implemented into a
real product. This means that even when a product is
designed to specification, it may fall short of its in-
tended purpose because of real life issues that could
not be anticipated when the definition was prepared.
Furthermore, after the initial concepts have been im-
plemented into a real device, it is often apparent
that slight modifications and enhancements would
greatly enhance its utility. Issues which fall under this
initial category of questions are:
- Does the communication aid live up to its project

goals?

- What modification could be made to make it easier to
use?

- Are the prompts and instructions clear enough so that
they are easily understood?

- Are there additional features which can be added to
the device to increase its functionality.

The second group of concerns deal with a device's use
in a real life situation. While

a product is in develop-
ment, it is subjected to an artificial environment. The
engineers who use the device know how it is supposed
to work, and therefore use it accordingly. The device
is comfortably sitting on a workbench in a laboratory
as opposed to bouncing around on a wheelchair. So
although a product may appear to be completely devel-
oped, there are often a number of questions.
- Does it meet its product specification?
- Do all functions work in all situations?
- Is the software completely debugged?

Will it withstand the environment in which it is nor-
mally used?
- What if it falls off of the wheelchair?
- What if the user pushes the wrong buttons?

APPROACH

Several approaches were used to answer the various
questioned presented above. In beta testing, a proto-
type device is given to a user. This helps to evaluate
how a new user responds to the device. The purpose
of environmental testing is to make sure that the device
will withstand the environment in which it will typi-
cally be used. Finally, automated testing is employed
to do testing which is either too tedious or time con-
suming to be done by individuals or in cases where a
more random style of pressing keys is desired. Each
of these methods is described below.

Beta Testing - Once a product has gone through its
initial development phase, it becomes crucial that true
users get their hands on it. The choice of which users
to involve and when to bring them into the develop-
ment process needs to be given careful consideration.
On the one hand, it is desirable to have the unit beta
tested as early in the process as possible so that if there
are serious problems with the user interface, they can
be resolved before becoming even more imbedded into
the product. On the other hand, beta devices are des-
tined to 'crash; creating frustration for the user. Some
people take beta testing as a personal challenge and as
their chance to have an impact on the development of
project and can take periodic crashes in stride. Other
users are less tolerant of a device in which they cannot
place 100% confidence. The users who are involved
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should be well informed of what they can expect of the
devices and what is expected from them as feedback.

Beta testers should be encouraged to relate all of their
impressions and problems to the designers. The de-
signer, though, needs to exercise care in implementing
changes which are suggested by the users. That which
may make a device easier to operate for one person,
may make it more difficult for the next user. A broad
variation in the beta testers can help to eliminate and
evaluate such feedback. Furthermore, for maintaining
reasonable time schedules, the designers should be
careful not to let the product definition change too
much. In our case, we were writing the user manual in
parallel with the product development. Sometimes a
few lines of code in the software could change many
pages in the manual.

In spite of all these issues, we cannot overemphasize
the value that beta testing has made in our particular
project. We have discovered where instructions were
unclear to the first -time user. We have found cases
where the device crashed when the user did something
that we didn't expect them to do. We have also ob-
tained some very helpful information on how we can
improve the system to make it more powerful and
easier to use.

Environmental Testing - Environmental testing
can actually be a rather enjoyable experience for the
design team, especially on projects that have taken
much time and created periodic frustration. This is
where the device can be knocked off wheelchairs,
kicked down a flight of stairs and generally abused.
This step is important for two reasons. First, it makes
evident those parts which are most vulnerable to dam-
age so that they can be improved. Second, it helps to
create guidelines and limits which can be communi-
cated to users.

In our project we kept a careful log of what action we
performed and the damage which resulted. This
proved very valuable for making changes such as
choosing alternate mounting hardware where compo-
nents were more subject to jarring and vibration.

Automated Testing - As important as human in-
volvement is during the testing procedure, it does have
its limits, especially in debugging the software. For
one thing, the more users become familiar with the
device, the more likely they are to use the device ex-
actly as it was intended to be used. During the later
stages of debugging, the device typically works fine
when it is operated the way the engineers expect it to
be operated. It is during those times when the user
makes a mistake or tries to do something that the de-
signer did not anticipate when 'bugs' are found. The
more sophisticated a device, the greater the number of
variations and mistakes that can be envisioned. A sec-
ond limitation on user evaluation is that the user can
only press so many keys during a given period.

This discussion leads to the concept of automated test-
ing through random key generation. Typically at this

point in the project, the general operation has been
tested thoroughly, but the next concern is verifying that
when the user does something that is not expected, the
system is robust enough that this will not cause unex-
pected consequences. Taken to its extreme, one can
imagine the user pressing any sequence of random
keys and functions. In random key generation, that is
exactly what takes place.. However, the device itself is
programmed to generate the random keys rather than
having it be done by a user. In this way a number of
devices can simultaneously be testing themselves with
each one generating many key activations per minute.

Random key generation is actually more involved than
it sounds initially. Although the key generation needs
to be random, it also needs to be repeatable.
Otherwise, if an error is detected, it is impossible to
reenact the action that caused the malfunction. It is im-
practical to log each key activation as it occurs because
the error may not happen for several hundred thousand
key activations. Not only is this approach cumber-
some, but it also increases the chance of creating a
testing situation which is substantially different from
the way the device is operated in normal use. Our ap-
proach was to develop an algorithm for generating key
activations which are dependent on a six -digit decimal
number, called the seed. Thus by reinitiating the test
with the same seed, the same sequence of keys will be
activated.

Sometimes it is preferable to modify the generation
routines to generate key activations by rules rather than
by pure chance. For example, if the engineer feels that
the device is more vulnerable to malfunction when a
message is stored than when the message is spoken, he
can modify the routine so that the 'program' key has a
greater chance of being activated than the 'speak' key.
In addition, certain device parameters can be changed
to make the testing either more efficient or at least more
bearable. It turns out that twenty units generating key
activations and accompanied by beeps, speaking and
printing can be quite irritating when they are next to
you in an office. So we simply made sure that we
could disable these features when it was in the random
key generation mode.

The tested device needs to be able to determine when
an error has occurred. It also needs to be able to report
the error to the engineer and be able to replicate the
problem. In our system we had a number of error de-
tection routines built into the software already. These
detection routines determine such things as bus and
address errors, overwritten buffers, and time -out
conditions. These conditions are also the type of er-
rors that need to be detected in random key generation.
We simply made use of the existing routines and de-
tected when the device either made and error or was
about to make an error and then had the device generate
a print -out which gave information as to what type of
error occurred, what routine the device was in, and
how many keys had been activated before the error oc-
curred.
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With the help of the original seed, the error report and
an in- circuit emulator, we were able to duplicate a mal-
function, catch it in the act and repair the problem. For
instance if an error occurred after 76,120 key activa-
tions, we could have the unit duplicate the first 76,000
activations and then stop. We could then single -step
through the remaining activations and watch was hap-
pening internally in the device on the in- circuit emula-
tor.

RESULTS

The popular theory which states that no complex piece
of software is ever completely debugged probably still
holds true. However, there are definite steps that can
be taken to make sure that a device is tested and de-
bugged as much as possible before individuals depend
on it for communication. The more sophisticated a
piece of equipment, the more critical it is that a formal
approach is taken to make sure that the device is ready
for market. Further, the more an individual depends
on a piece of equipment, the more critical it is that the
equipment continues to function without failing.

We have implemented each of these testing strategies
on our latest commercial product. The beta testers who
worked with us were very cooperative. They used the
devices full -time, they let us know what they liked
about the device and what they didn't like, and they
were very patient with early versions of the system

which still had many problems to be worked out. In
return, we made every effort to respond to each ques-
tion and problem immediately. In the end we have a
better product and they feel good about helping to de-
velop it.

The random key generation system which we imple-
mented generated approximately 2500 key activations
per minute, or between one and two million key hits
per day. Initially, problems surfaced in minutes, later
it took hours and then days before we found a prob-
lem. This device is now on the market and since its
introduction, we have been quite satisfied with its per-
formance in the field. We plan to continue and refine
these methods of testing.
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A COMP UT ER P RO GRAM F OR MYOELECT RIC C ONT ROL  AS S ES S MENT

Anne- Caroline Dup ont & Evelyn L. Mo rin
Dep artment o f Elec trical Engineering

Queen's  University at Kings ton
Kingsto n, Ontario, Canada

ABST RACT

A co mputer as ses sment pro gram fo r myoelec tric c ontrol of
artificial hands  has been develo ped to help therapists identify
the majo r co ntro l prob lems  o f amputees  using myo elec tric
art ificial hand s. The p rogram uses the disp lay of a hand on
the sc reen as a prosthes is rep resentation. The amputee has
12 tas ks to  p erfo rm with this  p ro s thes is d isp lay and the
therapist has access to all the data concerning the control of
the pros thesis by the amputee.

BACKGROUND

It is  est imated that 1 child  out o f 4200 is  b o r n with  a
congenital upp er -limb deficiency; the numb er of c ongenital
upper -limb deficiencies for which prosthetic treatment is
ap prop riate is  est imated  as 1:9400 live b irths  (1). These
child ren are normally fit ted  with a pas sive pro sthes is at 6
months and  may b e fitted with a two - function myoelectric
prosthesis between the age of 2 112 and 4 years (2, 3). The
Hugh MacMillan Rehab ilitation Centre in Toronto has a total
o f  2 87 clients on file  in the Powered Upper Extremity
Prosthetics Pro gramme. Of these, 126 are und er 16 and 58
are und er 6 years  o f age. In 1990, 112 patients  were fit ted

at the clinic (4).

OBJEC T IVES

Therapists who are following children fitted with myoelectric
arm pros theses rep ort  b eing able to as ses s only very gro ss
improvement in pros thesis co ntrol d ue to  the d iffic ulty o f
detec ting the exac t co mmands  that  the p atients  s end to  the
pros thesis (5,  6, 7). Sinc e most of the command s are very
short in duratio n (the hand  can go from fully clos ed to fully
op ened in one s ec ond  o r les s (8,  9, 10) ) ,  the human eye
cannot follo w all mo tions desc ribed by the p ro sthesis. It
would be useful for the therapist to know the exact
movements requested of the prosthesis in order to assess how
well a patient  is  ab le to c o ntrol his  \her p ros thes is and if
functional c ontrol is improving over time. The therapist can
then ad jus t the exerc is es  given to  the p atient  s o that  the
movements with which he or she has the most difficulties can

be imp roved.

S T AT EME NT  O F  T HE P ROBLEM

It was decided to develop a computer -based assessment
program for amputees fitted with a two- function
pro sthesis,which would  rec ord with prec is io n the p atient 's
myoelectric response to  a displayed task. The p ro gram
would als o s to re patient information and keep  an o n -going
record o f the p atient' s perfo rmance.

DESIGN

The asses sment program was designed to meet the following
requirements:
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• the p atient  is  to  be wearing the pro sthes is s oc ket at  the
time of the evaluation b ecaus e the so cket will pro vide the
confinement that the patient experiences when wearing his \her
prosthesis and the electro des will be correctly pos itioned.
• computer graphics display is to be used for visual feedback
and should respond in the same manner as the prosthetic hand
to the electric control signals that the amputee selects.
• the tasks that  are d emanded o f the amputee must b e
displayed in a clear and non - confusing manner on the screen.
• the information recorded during the evaluation is to include
all movements (open,  clos e), rest p eriod  and cocontractions
and  is  to  be filed and examined at  a later time.
• the ass essment program must be motivating for children as
young as 3 and  4 years old whose attentio n span is  limited.

DEVELO P ME NT

During the evaluatio n,  the p atient wears his \her pros thes is
with the hand removed; the signal from the prosthesis control
unit  to  the hand moto r is input to  the co mputer' s s erial p ort
via an interface box. It is important that there is no
modification of the computer so that the cost of the system is
minimized, making it affordable to a large numb er of
hospitals and rehab ilitation centres.

The visual display was chosen to be an animated hand so that
the child  co uld  relate to the function of his  \her pro sthesis.
The hand  c an be po sitio ned in 20 predefined  p ositions  and
the right hand or the left  hand may b e selected.

A mirro r image o f the animated  hand  in a s elec ted  target
posit ion is us ed to demand a tas k of the amputee (Fig.  1).

Every t ime the child reac hes the required  p os it io n with the
animated hand, a reward consisting of an attractive image and
a s ho rt  melo d y is offered. This enc o urages  the c hild to
continue the asses sment pro gram and gives  him \her a s ense
of accomplishment. Three levels  of d iffic ulty are availab le
in order to keep the asses sment program challenging for the

child.

The program is menu driven to  facilitate us e b y a therapis t.
Four main op tions  are given to the therapist at the beginning

of the p rogram:
demons tratio n of the program
evaluatio n o f a new p atient

- repeat evaluation of a patient
- viewing patient' s res ults

The therapist  als o chooses the level o f diffic ulty and  an exit
option is  availab le many t imes during the p ro gram (Fig. 2).

EVALUAT ION

The assessment program is working and is  read y to  b e
clinically evaluated. It is felt that occupational therapists are
the most qualified to  perform an objective evaluation and the
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program will be s ent to 3 different centres fo r evaluation and
mod ific atio n.

CONC LUS ION

This pro gram was init ially designed to detect control
p ro b lems  o f yo ung myoelec tric  hand  us ers and to assess
imp rovement of pro sthesis c ontrol with time and training. It
could  also  b e us ed as  a training d evice, if  it  were presented
in a game fo rm with more attrac tive reward s  and a s co ring
sys tem.

This  p ro gram fills  a need in the p ros thetic  clinic , where
previously therapis ts had no  objective method o f myoelec tric
control assessment.
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Fig.  1: Vis ual d isp lay
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Fig.  2: General p ro gram structure
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DEVELOPMENT OF THE THERABOTR:

AN EVALUATION, EXERCISE, AND RESEARCH TOOL FOR REHABILITATION THERAPY

Katherine A. Kristy and Clive R. Taylor
Therabotics, Inc.

Abstract

The TherabotR is being developed to be used in
the rehabilitation of physically disabled
individuals. It addresses the needs of physical
rehabilitation specialists by providing an
evaluation tool, an exercise modality, and a
research tool. The TherabotR is an integrated
system consisting of a robotic arm, data
acquisition system, task components, and
sophisticated software.

The development of this system is significant in
that it satisfies requirements for providing
physical rehabilitation to patients who have a
vast array of physical ailments including or
resulting from cerebral vascular accident,
bums, multiple sclerosis, arthritis, prosthetic
use, and cerebral palsy.

Introduction

The system is being designed for upper extremity
therapy and research encompassing activities of
coordination, range of motion, quality of motion,
strength, and endurance.

Patients will interact with the system by following
the motion of the robot with their affected limb,
apply force to the robot or resist forces of the
robot, and manipulating objects of various shapes.

The therapist determines the appropriate activities
to be performed, the length of the sessions, and the
movement pattern of the robot. This allows the
therapist to customize the activities to meet the
individual needs of each patient.

The system measures various parameters including
force exerted by the patient, quality of motion,
range of motion, time to complete activities, and
the number of repetitions successfully completed.

The system provides feedback to the patients as
they are interacting with the system. This feedback
is auditory, visual, and tactile depending on the
needs of the patient. A report of the patients'
progress is provided for the therapist and /or
researcher. These reports can be used for analysis

and further activity planning.

Background

The development of the TherabotR is a significant
enhancement to the work conducted on the Robotic
Exercise System (RES) described in Kristy [1].
The RES is a pilot system developed for purposes
of evaluating the acceptance of the concept, that is,
the use of a system which includes a robot arm, in
the rehabilitation process. The TherabotR is a new
system, which builds upon the RES concept.

Discussion

The development of the TherabotR, which is
currently in progress, consists of designing a robot
that is suitable for this application, writing
software, and developing the interactive devices.

The robot will have state -of- the -art safety features,
and have a :vork envelnnP that ;s cuitahlo, for
therapeutic activities. The software will control the
robot's movements and record the patients'
responses and performance. The devices which the
patients interact with to perform the activities are
being developed.

The activities performed with the system and the
feedback provided by the system will not be able to
replace the therapists' responsiveness to the
patients' progress. The system is being designed
for therapists and researchers to use as an
additional tool in the therapeutic process.

This system is designed to be used as a
standardized evaluation tool to determine
functional assessment.

The issue of functional assessment is
essential due to the fact that rehabilitation
specialists are being required to provide
objective data indicating a patient's
functional outcome and progress [2].

Since the system is able to measure range
of motion, quality of motion, and is reliable
in terms of accuracy, speed, and repetition,
it can be used as a standard evaluation tool.
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2. The system is an effective therapeutic
modality providing customized activities
based on individual patient requirements.

The system simulates activities currently
used in the physical rehabilitation process.
The system precisely measures and guides
the motion of the patients' limbs. This will
allow repetitive exercises to be developed
by the therapist meeting the therapeutic
requirements of each patient. The exercise
task components allow for a vast array of
motions, grasping and prehension patterns,
and strength and endurance activities.
These components include push buttons,
knobs, and other interactive devices.

3. The versatility of the system makes it a
valuable research tool.

Rehabilitation units are facing problems of
scarce resources. In order to facilitate the
resources available, length of stay (LOS)
predictions, and patient functional outcome
would be beneficial.
The system can be used to collect data on
patient progress, from initial assessment up
to discharge, so that it may be analyzed to
formulate predictions for length of stay.

It is also useful in determining the
effectiveness of particular e x e r c i s e
activities for the vary in g p a t ien t
populations.

The system is innovative. It has the capability of
being an effective tool in the rehabilitation process.
The system does not meet every need of every
patient. For example, patients just beginning
rehabilitation after suffering a stroke, probably will
not benefit from the system. These patients will
most likely benefit from the system as progress is
made in recovery. The applications to the various
diagnostic groups will be determined during further
design, development, and evaluation phases.
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Design and Testing of Four Underarm Crutches

Maurice A. LeBlanc, MSME, CP. Lawrence E. Carlson, D. Eng.:

Teresa Nauenberg, BSME

Packard Children's Hospital REC

Abstract

This article reports on a project to design,
build and test four different designs of crutches
to determine if they offer promise for more
efficient gait for users. Results from testing with
five disabled and five normal subjects showed
that the suspension crutch was the most
energy efficient and has promise but that none
showed statistically significant energy savings.

Background

Crutches have not changed significantly over
5000 years of use(1). There are many reasons
- physiological and psychological - why it is
good to stand and walk rather than sit and
have wheeled mobility (2). However, it takes
roughly twice as much energy for a person
with paraplegia to walk with Crutches than an
able- bodied person to walk normally (3).

Research Question

This project was undertaken to look at the
feasibility of different designs of crutches to
lower the high energy cost of crutch gait and
thereby make the use of crutches a better
option than the use of wheelchairs, which are
more expensive, have physiological and
psychological disadvantages, and are more
architectually restrictive.

Method

Design and Construction (See Fig. 1 -4)

The roller or rocker crutch was put forth by Joll
in 1917 (4) and by Hall in 1918 (5). Lumex,
Inc.(6) currently makes the Sure -Gait Axillary
Crutch which has a small roller bottom the
same width as the double uprights. The
concept is that the arc is a segment of a circle
with the center at the shoulder so that the
shoulder stays more level in walking and that
the stride length is increased by the length of
the rocker.

The spring or pogo crutch was described by
Lewin in 1928 (7) and by Shoup in 1980 (8).
The concept is that it absorbs shock at ground
contact and gives energy return at push off.

P1.11

The saddle or suspension crutch was
introduced by Taylor in 1883 (9). The saddle
or harness is connected to suspenders which
extend to the crutch axilla pads, thus allowing
a person to bear weight on the perineal area
rather than the arms. It is relatively light in
weight and uses standard axillary crutches.

The prosthetic foot crutch was proposed by
LeBlanc. The concept is to have a crutch that
"walks ". An energy storing prosthetic foot is
used at the bottom of the crutch. The action of
this crutch is like the roller /rocker crutch in that
it provides greater stride length and like the
spring/pogo crutch in that it has springiness.

Fig. 1. Roller or Rocker Crutch
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Fig. 2. Spring or Pogo Crutch Fig, 4. Prosthetic Foot Crutch

Fig. 3. Saddle or Suspension Crutch

Testing

Five regular crutch users and five normal
subjects were tested using the four
experimental crutches versus standard
underarm crutches in swing - through gait by
walking around an indoor oval track at self -
selected comfortable speeds. The Energy
Expenditure Index,EEI (10) and average
velocity for several runs for each subject and
each crutch were taken. Data was recorded
and analyzed using the Student t-test, paired
t -test and t -test for independent means.

Results

Results indicated that the suspension crutch
was the lowest in energy expenditure_
However, none of the four experimental
designs showed statistically significant
improvement in energy expenditure versus the
standard underarm crutches currently in use.
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Discussion

The suspension crutch is the most novel of the
four designs and received the preponderance
of positive comments from the test subjects. It
was perceived to give weight relief but also felt
slower and less stable. One subject
summarized it as requiring the most skill but
the least effort. Based on the objective and
subjective test results, it is the opinion of the
authors that the suspension crutch has
potential and merits further research.
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P1 .1 2
Description of Video Programming for the  Blind Audience --

How It Is  Done and How It Is Deliv ered to the  C onsumer

William A. Gerrey
The Smith - Kettlewell Eye Research Institute

San Francisco, California

Abstract

The a dopti on by  the  FCC of an ind us try  s tandard
fo r  " M u l t i c ha nne l  T e l e v i s i o n S o u n d "  (N IT S ) ,
together with sa te llite distribution of programs from
t h e  ne t w o r k  t o  s t a t i o n  a f f i l i a t e s ,  m e a ns  t ha t
specia lly described versions  of TV programs can be
delivered to the  blind consumer via  off - the  -shelf
station equipment and televis ion sets . All s tages in
creation and service  delivery are addressed: writing
the description, narration, preparation of the specia l
videotape to be  aired (or to be  dis tributed in VCR
fo rma t ) ,  ne t wo rk  d i s t r i b u t i o n,  a nd  u l t i ma t e l y ,
transmiss ion and reception via  the  "Second Audio
Program" (SAP) subcarrier. A comparison is  made
with "closed captioning" for the  hearing impaired.

Based on a technical viability study undertaken by
t he a u t h o r fo r O S E R S , t he p re s e nt p a p e r
summarizes the state  of the art in this technology.

Problem and Background

Be fo re  me c ha ni s ms  e me rge d  b y  whi c h s p e c i a l
audio channe ls  cou ld be  dedica ted fo r use  by the
blind and visually impaired (adding subcarriers  to
t h e  s i gn a l s  o f  b ro a d c a s t  s t a t i o ns ) ,  b l i nd  T V
"viewers" had to rely on family and friends  to fil l in
miss i ng i nformatio n presented v isua lly. In 1 981,
soon after "radio reading services" were installed in
ma jo r  c it i es  (u s i ng the  6 7k Hz su b ca rr i er  o f  F M
b ro a d c a s t  s t a t i o ns ) ,  t he  Wa s hi ngt o n Ea r  r a d i o
re a d i ng  s e r v i c e  u nd e r t o o k  a  p i l o t  p r o j e c t  o f
d e s c r i b i n g a fe w p r o g ra m s o f t he P u b l i c
Broadcasting Service (PBS).1

The disadvantage of us ing radio reading services  is
tha t t he re  i s  u su a ll y  o nly  one  p e r s erv ic e  a r ea ;
n e w s p a p e r  a n d  m a g a z i n e  r e a d i n g  w o u l d  b e
preempted by each described program.

In 1984, the  Federal Communications  Commiss ion
(FCC) adopted, as "a protected s tandard," a protocol
for  "mult ichannel  te lev is i on so und " (MTS ). Not
only doe s  this  s ys tem ac commodat e  s tereo  audio,
but a  "second audio program" (SAP) subcarrier is
also defined.

Since 1990, PBS has  been dis tributing, through its
network, a selection of programs carrying a  mixture
of the  original program sound track and a  narra ted
audi o d escr ipt ion ove r a  sep ara te  a udi o channel.
While  radio  read ing s ervice s  hav e bee n kno wn to
transmit this audio, the  primary delivery to the blind
co nsu mer  ha s  b e e n v ia  the  " S AP "  su b ca r ri e r o f
affiliated TV s tations who have that capability.

The  eme rge nc e o f  ho me  v i d eo t a pe  has  b ec o me
another delivery sys tem. Specia lly prepared video
cassettes  bearing description are available  from at
least three sources.

Method/Approach

The description of video action is  read by a  narra tor
us ing "nar ra tio n to pic t ure" techniques  normally
employed in making documentaries . The narra tor
r e a d s  f ro m a  p r i nt e d  s c r i p t  c o nt a i ni ng t i mi ng
information and other cues . Timing is  important so
that descriptive phrases  can fit  between passages of
dia logue on the  program sound track. The script,
printed with time -code information in the  margin,
can be created in two ways:

(1) A so- called "b urned -in wind ow dub" of the
vid eot ap e c an be  ma de a t  any v id eo pro du cti on
labo rato ry; thi s  shows timing info rma tion on the
scree n. Usi ng t hi s  "d ub," and wi th the  a i d of  a
hand -held time -code calculator, a description script
can be typed o r handwritten. This  sys tem has  no
flexibility, however; if the  time code is  shifted by
inser tion of announcements  and /o r la t e  pro gram
changes , the time -code numbers noted in the margin
will be incorrect.

(2 ) C o m p u t e r i ze d e d i t i n g s t a t i o ns wi t h
synchronous  t ape  machines  ca n b e use d. The se
have a  so- called "tape logging feature" (used for
making deta iled tape labels) which gives  the writer
a  bas i c  word proc essor  and t he  ab ili ty to pr int a
sc ri pt  wit h au to ma ti c  a ss ignment of  t ime -c od e
nu mb e r s . Whe re  e v e n mi no r  c h a n ge s  r e nd e r
prev iou s  ti me -co de i nfo rma tion ob sol ete ,  these
editing s ta t ions  a llow a utomat ic  rea ss ignment of
timing informa tion whi ch ca n be  rep rinte d a t  the
last minute.

WGBH -TV, Bos ton, has  assembled a  cus tomized
s c r i p t -  wr i t i ng s e t u p  whi c h t he y  u s e  fo r  t he i r
De s c ri p t iv e  Vid e o  S e rv ic e  (D VS , a  r egi s te r e d
service  mark). Thus , a costly editing sta tion is not
underutil ized by a  description writer who is  only
interes ted in the  tape logging feature; in addition,
their sys tem has  features  of parti cular util i ty for
creating the  script. For example , the speech rate of
the  na r ra t o r c a n b e  e nt ere d i nto  t he  c omp u te r .
Then, if a descriptive phrase  is  too long to fit into a
selected s ilent passage, the  computer informs  the
writer of this  fact, and can be called upon to read
that phrase  in synthetic  speech to show the writer
what i t  wou ld sou nd li ke  if i t  we re  nar ra ted  fas t
enough to fit in.
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Synchronous audio and video tape machines are
now commonplace, and these play an essential role
in synchro nizing and  m ixing the  na rrative
description with the program. The Society of
Motion Picture and Television Engineers (SMPTE)
has created telemetry systems whereby time -code
information can ride either on a low - fidelity audio
track, or on "field  A" of video lines 16 and 18.
Thus, a narrated master audio tape of the program is
automatically synchronized with the video program,
and a new track containing this special sound track
is recorded onto the tape to be aired.

The network must then arrange for an added audio
channel to feed the extra sound track to the satellite
uplink. For now, there is no shortage of bandwidth
for satellite transmission of the added information.
Commonly, 27 MHz transponder channels carry a
single program, and plug -in modules for adding
new audio channels are only a few hundred dollars
each.

At the broadcast station, the extra audio must be
routed from the satellite downlink to  the SAP
generator on the transmitter exciter. The addition of
SAP is an inexpensive option on modern transmit-
ters.

The SAP subcarrier is a narrow -band FM (10 kHz
deviation)  signa l which, in  t urn , is  m ade  to
frequency modulate the main- channel audio carrier
of the TV signal. Its center frequency (f. = 78.67
kHz) is 5 times the horizontal sweep rate; the center
frequency of the encoded signal and that of the
decoder's discriminator are phase - locked to the
horizontal sweep.2

Being a "protected standard" means that broadcast
stations are free to generate subcarriers different
from this, but that standard consumer equipment is
made to recognize the SAP subcarrier as a standard
if its injection deviates the main carrier more than
7.5 kHz,  with  a  maximu m o f 15 kHz be in g
allowed.3

Frequency preemphasis and dbx noise - reduction are
used to optimize the sound quality of the SAP
channel. A 10 kHz aud io bandwid th can be
achieved, and a signal -to -noise ratio of greater than
60 dB can be attained in good reception areas.

Typically, SAP receiving capability is a feature of
medium -priced stereo television sets and on higher -
priced VCRs. No special modification for blind
users is needed on these sets.4

Comparison with Closed Captions for the
Hearing Impaired

Comparing the distribution and service delivery of
video description with closed- captioning for the
hearing impaired brings to  light areas where
improvements and new innovation can lead to more
widespread implementation. For example, once
captions for the hearing impaired are written for a

program, they are multiplexed into the video signal
(using both fields of line 21); captions require no
special handling by the broadcasters, and they
remain a part of the video signal on home VCR
tapes, all the while being transparent to the hearing
user.

In contrast, video descriptive audio, as currently
implemented, requires special handling by networks
and affiliates. Switching routers and audio consoles
used in television have no provision for handling
this extra audio channel. Routing the signal
requ ires  pa rallel conn ection o f s pare  signal
circuitry; networks have expressed apprehension
that such special arrangements would lead to errors
in the broadcasts. Finally, home videotapes have no
extra tracks on which to  record a special audio
channel, so adapted programs are not transparent to
the sighted user, and description can only be gotten
on specially prepared tapes.

Future Developments

Two emerging t echnologies ho ld promise in
mitigating these problems:

(1) At the 1990 Convention of the National
Association of Broadcasters, a session called
"Television Audio" contained papers describing
microcontroller -based "audio- follows- video"
equipment who se "se tup s" can  be  saved  on
diskettes. The trend toward computerized program
handling will eventually lead to the point where the
"special arrangements" so feared by broadcasters
will soon be reduced to automatic loading of system
configurations. 5

(2) Funded by NIDRR, the Engineering Division
of WGBH in Boston is developing a scheme for
multiplexing an audio channel into the video signal
-- probably encoding it onto three or four unused
video lines in the vertical blanking interval. This
would achieve true parity with closed- captioning for
the hearing impaired.

A decoder for retrieving audio from the video signal
could be in the consumer's equipment. Or, a TV
station already using SAP for video description
could connect the decoder to their SAP generator.

The U.S. system of multichannel television sound
has not been adopted in Canada. Therefore, the
Canadian Department of Communications has
expressed support for the pending WGBH encoding
system, and they intend to  create inexpensive
decoders suitable for visually impaired consumers.

Conclusion

Given that the aforementioned technologies have
made video description realizable and that future
transmission techniques will minimize its special
handling by broadcasters, consumers may look
forward to more accessible programs. However, the
impetus for continued effort is  driven by the
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av ai la bi li ty  o f progra mming. Cap tio ni ng fo r t he
hearing impaired is  a lmos t univer sally broadcas t;
this  no doubt led to the  passage, by Congress , of
the  Televis ion Decoder Circuitry Act (effective  in
1993). If described programs exis t in quantities  that
stimulate  consumer interest, ways to dis tribute  and
del iv er  t he m wi ll  b e  op ti mi ze d to  s ui t  co ns umer
demand.
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A Fax -Based Reading System for the Blind and Print - Handicapped

William F. Crandall , William A. Gerrey & John A.  Brabyn
The Smith - Kettlewell Eye Research Institute, San Francisco

Abst ract

An innovative  fax -based reading service a llows  a
print - handicapped client to fax reading material to
a  remote  s ighted reader, who will  read it  back to
him over the  te lephone. It  provides  convenient,
cost - effective and timely print accessibility for the
blind, while creating employment opportunities for
sighted readers  who are  individuals with res tric ted
mobility and profit  from home -based employment.
It  a lso addresses  the  implementation of the  ADA
provisions on reasonable employment
accommodation (which includes  access  to print by
the visually impaired).

Sta t eme nt of P rob lem

This  project addresses  a  s ignificant need for the
blind and visually impaired population -- access to
the  printed word. In ad di tio n to  bl ind and  l ow
vis ion people  who may not be able to see the  print,
stroke, head - injured, or autistic persons may not be
able to assimilate printed language on the page. In
a typical day, a sighted person routinely opens
mail, reads instructions and recipes, deposits
checks, reads  TV guides , selects  audio and video
tapes, clips coupons , reads correspondences,
invoices  and bills, looks a t pictures and graphs, and
acce sses  many ot her forms  of  pri nt. The blind
individual has  rou tine  ac ce ss  to  f ew, i f any, of

these.

The phenomenal growth of facsimile usage in
offices is a new and unmet challenge to the
print- handicapped office worker. Because
facsimile  technology is  graphical in nature , i t is not
coded in a  manner that a llows  direct  conve rs ion
into speech.

Ratio nale

All of the  above printed materia ls  could be  made
accessible  on demand by the remote  human reader
sys t em o f the  t ype we a re  deve lopi ng. We  a re
experimenting with a fax -based remote reading
service for the  target population through a sys tem
in which the  blind and print - handicapped person

P1.13

faxes  written material to a  remote , s ighted reader
who then reads  it back to him over the  telephone.
The sys tem which has been developed handles my
kind of written or graphical information.

Among the  provis io ns  of the Employment section
of the Americans with Disabilities Act is the
requirement for reasonable  accommodation in the
workplace. This  law requires ". ..  the  provision of
qualified readers or interpreters , and other similar
accommodations  for individuals  with disabilit ies"
(T itle I, Sec.  101, 9.B). We believe the  proposed
remote reader system will provide a cost - effective
method for employers  to meet this  requirement for
their blind or print- handicapped employees.

Design

The end p oi nt o f t hi s study is to provide both
government and indus try with the  information they
need to realistically access technology transfer
feas ibili ty of this system. Strong emphas is has
been given to des igning a sys tem which will
exploi t , ra ther t han b e limi ted b y, the  impo rtant
real -world requirements  of economy of scale  and
flexibility in the face  of emerging technologies.

The major hardware components are three
high - speed, but inexpensive, MS -DOS computers
(33 MHz)  fo r the  r eade rs . They are  configured
with high resolution "full  page display" monitors
and facsimile boards. The fax boards  also function
as a high -speed modem (9600 baud). Flat -bed fax
machines  are used by the blind c lients  to transmit
documents to the sighted readers.

A major project design consideration has  been its
transferability to a real - world, permanent
implementation. To promote and demonstrate
manageability of a large scale, decentralized
system, all functions  of the readers ' computers are
remotely access ible  by the system manager. This
means  that software  updating, re trieval of reader
statistic files, and trouble- shooting takes place
directly from the project office  by these high -speed
modems and obviates  the  need for the  manager to
travel between reader sites.
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a. Participants

Because this is a telecommunications project, the
mobility impaired "readers" can work from their
homes. The service operates daily from 1:00 p.m.
to 9:00 p.m., to include parts of the working and
leisure periods of the day.

Twenty local and five distant blind recipients and
users of fax machines are the initial subjects in the
study. These blind consumers present a broad
spectrum of reading needs. They use the system for
both personal and professional reasons and have
extended periods in their day during which other
types of reading assistance is not at hand. The
local users include a college English teacher, a
lawyer whose specialty is legal issues around
disabilities, the blind owner of a small business
which specializes in high technology augmentation
devices for the blind, the president of  a blind
consumer organization who lives alone, one
computer company representative, three blind
in -house staff members, and members of a living
skills center for the visually handicantd which
serves as a residence for fourteen blind students.
The recent donation by Allnet Communications
Services of toll-free, long - distance access for 10
users has allowed us to also include two blind
faculty members of an academy in the Midwest,
two owners of businesses specializing in high
technology augmentation devices in Oregon and
two residents of Southern California.

b. Data Collection

Individual Transaction Records for each document
received by the reader are entered directly by
computer into an on- screen form. This
questionnaire captures salient information such as
1) page layout (handwriting, print, or graphics); 2)
type of document (categories within personal or
business); 3) time to receive and review document;
and 4) reader and client comments. The data from
these entries are automatically appended to a
database resident in the reader's computer. The
data file containing these statistics are routinely and
automatically copied to the system manager's
computer by way of high -speed modem for
analysis.

The system manager administers a brief telephone
questionnaire to customers and readers each month
in order to determine if the remote reader service is
living up to customer expectations. This Monthly
Interview focuses on early identification of

problems by exploring such issues as 1) desired
daily hours of operation, 2) level of customer
confidence in reader's ability, and 3) adequacy and
reliability of the equipment.

In addition, the system manager polls each
customer by telephone at the end of his/her tenure.
This Exit Questionnaire will access the more
subjective aspects of system usage such as his/her
opinions on the system's usefulness, number of
hours utilized, suggestions for improvements,
comparisons with currently used reading method,
and willingness to pay for such a service if
necessary. The participants are asked how much
visiting reader time they normally normally use,
how much it would cost, and how much was
potentially saved by use of the fax reader system.

Feedback from users and readers also comes from a
Problems and Suggestions Diary kept by the
readers. The system manager maintains close
contact with both readers and users in order to
identify problems.

Modifications are made to the experimental remote
reading service on an ongoing basis as
recommended by the project's Advisory Panel
which includes four blind persons from our
community.

c. Data Analysis

The data is analyzed to determine the breakdown of
usage patterns, hours of peak demand by different
classes of users, types of documents read, average
transmission delay times, and other user statistics.
The data on magnification needs, resolution, font
size, etc., is utilized to determine whether system
resolution and other hardware characteristics are
adequate. The proportion of reading material
requiring a flat bed versus a single sheet scanner
for employment and home settings, as well as the
proportion of handwritten, poor print quality, and
other categories of material read are providing
additional measures of effectiveness compared with
other systems.

Cost- effectiveness of the system is determined
based upon average reader time per page read,
approximate telephone time cost, ownership costs
of synthetic speech reading machines, and data
from subjects on the cost and efficiency of visiting
reader services they would normally use.
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The results  of the study to date indicate  that many
of the reading needs  of the blind and print disabled

are being met by the  present system.

Future work

Future  plans  include the  development, integration
and tes ting of new technologies which approach as
closely as possible  the "ideal" remote reader -- one
which would function in the  same way as  having a
live reader in the same room as the user.

A second direction for future investigation is
Optical Character Recognition (OCR) and speech
output. The human reader can visually scan,
evaluate , and describe  the  document quickly so that
the  blind person can effic iently make a  decis ion as
to its dispos ition (i.e., read completely, read
account balance or disregard document). However,
O C R mi ght  b e useful in process ing the subject
document once dispos ition of the  document -- as
accessed by the sighted reader -- has been

determined.

Conclusion

We believe the  proposed fax -based remote  reading
service  is  an innovative  approach to addressing a
significant need of the blind and print - handicapped
target population. The initia l results  of the  s tudy
show that the  sys tem answers many of the  reading
needs  of the  target population. A major project
design consideration has been its transferability to a
real- world, permanent implementation. Contacts
are under way with the telecommunications
industry and service agency professionals to
maximize the likelihood that a successful
demons tration of this concept will lead to
permanent implementation of a reading sys tem
which will impact the vocational success,
independence, and quality of life  of countless blind
and print- handicapped individuals. In addition, the
project uniquely addresses  the  implementation of
the ADA by providing employers with a
convenient, low -cos t mechanism for print access
for disabled employees.
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Computer Assisted Tracking System for Evaluating Speech

Understanding in Hearing Impaired Persons

Harry Levitt and James J. Dempsey
Cit niersity of dew York and Rehabilitation Engineering Center onTecinolo vgical Aids for Deaf and Hearing Impaired Individuals, The Lexington
Center, Jackson Heights, N.Y.

Abstract
A computer based technique

for simulating the tracking
method for evaluating speech
understanding has been
developed using a video disc
playback system under computer
control. Several versions of
each sentence in a short story
are stored on video disc. The
particular version played back
at any given stage during the
test depends on how wtll the
subject responded to the
preceding recording. Thy
technique eliminates the
problem of uncontrolled
variabilit; between speakers
(senders) and reduces test -
rLtest variability for speaker -
listener (sender - receiver)
pairs.

Background

A particularly difficult
problem in evaluating sensory aids
for hearing impairment is evaluating
the effectiveness of these devices
in improving speech communication.
Traditional methods of evaluating
speech communication ability use
phonetically balanced lists of words
or sentences as the basic test
material, the measure of performance
being the percentage of words
identified correctly.

This approach, although useful,
does not evaluate how people
actually communicate by speech.
Normal communication involves an
interactive process between the
speaker and the listener. If  a
word, phrase or sentence is
misunderstood, then the speaker is
likely to repeat what was said,
typically using different emphasis
or a change in the wording.
Listening to prerecorded lists of
single words or sentences, as
required in traditional methods of
testing, is very different from the
normal communication process.

An alternative method of
evaluation that is finding
increasing application is the
tracking procedure developed by
DeFillipo and Scott (1978). This
procedure, which was developed for
both training and evaluation,
requires that the speaker (referred
to, more generally, as the sender
since the method is not restricted
to speech) produce a sentence or
phrase, usually by reading a text.
The listener (referred to more
generally as the receiver) is
required to repeat verbatim what
was said. If the receiver repeats
the material correctly, the sender
proceeds to the next phrase or
sentence in the text. If the
receiver makes an error, then the
sender repeats what is said. How
this is done depends on the sender's
assessment of the nature of the
error. The entire utterance could
be repeated in much the same way, or
with different emphasis, or only a
portion of the utterance might be
repeated. The receiver is required
to repeat this second version of the
utterance and the process is
continued until a correct verbatim
response is obtained. The metric
used to specify relative performance
is the number of words repeated back
correctly per minute.

The tracking technique provides
a much closer approximation to the
communication process than
traditional testing techniques and,
as such, has better face validity in
evaluating communication ability.
It can also be used as a training
technique. The technique is widely
used, for example, in training
cochlear implant patients to
communicate more effectively in
Pace -to -face communication.

A problem with the tracking
method is that it is subject to
several major sources of
variability. The technique has been
implemented in different ways by
various research and clinical
groups; the use of live voice also
introduces significant between-
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sender differences and sender -
receiver interactions can vary
substantially. For example,
Receiver A may obtain a higher
tracking score with Sender 1 but not
with Sender 2, while Receiver B
scores poorly with Sender 1 and
relatively well with Sender 2.

Computer Interactive Tracking
Simulation (CATS)

A computer - interactive tracking
technique has been developed in
order to control the above sources
of variability, thereby increasing
the sensitivity of the tracking
method. The computer implementation
requires some modification of the
tracking method and is thus referred
to as Computer Assisted Tracking
Simulation (CATS). In CATS, the
sender is replaced by a video disc
playback system under computer
control. The receiver views a video
recording of the test utterance and,
as in the conventional tracking
method, is required to repeat what
was said. If the utterance is
repeated back correctly- then the
video disc pin;:

r

r moves onto the
next uttcra.nce in the sequence. If
the receiver makes an error, then
one of several other video
recordings of the test utterance is
played to the receiver. The choice
of which video recording to use
depends on the nature of the error
made by the receiver. For example,
if the receiver misses a word
towards the end of the test
utterance, then a video recording of
the latter half of the test
utterance would be played; if the
receiver made errors throughout the
test utterance then a video
recording of the entire utterance,
articulated more slowly and more
precisely, would be played.

A personal computer has been
programmed to select the video
recording to be played at any given
time. The computer requires input
information indicating whether the
receiver repeated the test utterance
correctly and , if not, the nature
of the error. This information is
currently provided by the tester as
the test progresses. Techniques for
fully automating the technique using
automatic speech recognition are
currently being investigated. This
application of automatic speech

recognition is not as difficult as
open ended speech recognition in
that the computer knows what the
intended utterance is and has only
to decide whether the intended
utterance was produced correctly
and, if not, which words were
produced in error.

In order to minimize any
variability that might be introduced
in the current version of CATS due
to variations in the tester's
judgement as to the nature of the
errors produced by the receiver, the
task required of the tester has been
made as simple as possible. Two
binary decisions are required of the
tester, whether or not an error
occurred in repeating the first half
of the utterance and whether or not
an error occurred in repeating the
second half of the utterance. Given
the above information, the computer
can logically determine which video
recording should be played on the
next trial.

The CATS system has been
implemented using an IBM - compatible
personal computer controlling a
Panasonic video disc player. A set
of 10 paragraph - length short stories
has been prepared. Each short story
consists of 10 sentences. There are
roughly 10 recorded versions of each
sentence, or portion thereof.

Experimental Evaluation

Two experiments have been
performed. In the first experiment,
tracking rates data were obtained
using CATS and a live sender. The
results showed that tracking rates
were higher, on the average, for the
live sender but that test - retest
variability was significantly lower
for the CATS system. More
importantly, the problem of between -
sender differences was brought under
control. An analysis of between -
story differences showed that 9 of
the 10 sets of video recordings
produced tracking rates that did not
differ significantly. The one set
of video recordings that differed
from the others (by a sm all but
statistically significant amount) is
now used for training purposes.

The second experiment measured
the effect of speech -to -noise ratio
on tracking rate for eight normal-

RESNA International '92 o June 6 -11, 1992 467



Computer Assisted Tracking System

hearing listeners. The results are
summarized in the table below. As
expected, increasing the speech -to-
noise ratio produced an increase in
tracking rate. The steepness of the
function relating tracking rate to
speech -to -noise ratio was found to
be greater than corresponding data
reported for traditional single -word
speech tests, and that the
sensitivity of the automated version
of the tracking method was
correspondingly greater.

Conclusions

The computer Assisted Tracking
simulation (CATS) system provides
significant advantages over the
conventional tracking method in
terms of controlling inter - sender
differences and other sources of
variability.
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Tracking Rate as a Function of Speech -to -Noise Ratio

Speech to noise Ratio (dB)

-18 -12 -6 0
Tracking Rate (WPM) 12.8 17.8 25.3 30.0
Between Subjects Std Dev. 7.8 8.2 11.7 6.6
Within Subjects Std Dev. 2.9 5 g . 2  2 4.7 8.6

Log Tracking Rate (log 10 WPM) 1.07 1.38 1.47
Between Subjects Std Dev. 0.24 0.23 0.11
Within Subjects Std Dev. 0.11 0.08 0.14
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K a r e n  Y o u d e l m a n  &  H a r r y  L e v i t t
Th e  L e x i n g t o n  C e n t e r ,  I n c . ,  J a c k s o n  H e i g h t s ,  N Y  &  C i t y  U n i v e r s i t y

o f  N e w  Y o r k

A b s t r a c t

A d i f f i c u l t p r o b l e m f a c i n g
speech t e a c he r s i s t h a t o f
e v a l u a t i n g  t h e s p e e c h  s k i l l s o f
dea f c h i l d r e n . E xp e r i e nc e has
shown a lo w l e v e l o f i n t e r  -
r a t e r r e l i a b i l i t y on jud g m e nt s
o f speech p r o d u c t i o n a b i l i t y .
Even when s p e c i f i c r a t i n g
c r i t e r i a have been d e l i n e a t e d ,
each r a t e r ap pe ar s t o be i n -
f l ue nc e d mo re by h i s o r he r own
i n t e r n a l c r i t e r i a tha n  b y t ho s e
s p e c i f i e d . V a r i a b i l i t y  o f t h i s
t y p e re d uc e s s u b s t a n t i a l l y t he
p r e c i s i o n  w i t h w h i c h  t he speech
s k i l l s o f de a f s t u d e n t s can be
e v a l u a t e d . T h i s pap er f o c us e s
on t he use o f o b j e c t i v e
measurement p r o c e d ur e s f o r
speech e v a l u a t i o n .

B a ckgr o und

I n s t r u m e n t a t i o n f o r t he o b j e c t i v e
measurement o f a ra ng e o f
a r t i c u l a t o r y and v o i c e s o ur c e
c h a r a c t e r i s t i c s has been de v e lo p e d
and co mbi ned i n a s i n g l e co mpute r  -
based sy s t em kno wn as CISTA
( C o m p ut e r  I n t e g r a t e d  S p e e c h  T r a i n i ng
A p p a r a t us ) . T h i s sy s t em o b t a i n s
s i m u l t a ne o us o b j e c t i v e meas urem ents
o f v o i c e p i t c h , n a s a l i z a t i o n ,
i n t e n s i t y , neck v i b r a t i o n , v o w e l s ,
f r i c a t i o n  a n d t o n g u e  p o s i t i o n d u r i n g
speech p r o d u c t i o n . S e v e r a l se ns o r s
a r e us ed . These i n c l u d e a l a r y ng e a l
t r a ns d u c e r , a na s a l t r a n s d u c e r , an
a i r  - f l o w mi c r o pho ne , and an
a r t i f i c i a l p a l a t e f o r m o n i t o r i n g
to ngue p l a c e m e nt . The sys tem i s
co m p ut e r i z e d and a l l o w s t he speech
t e a c he r t o d i s p l a y on a  v i d e o s c r e e n
any o f t h e spe ech p a r a m e t e r s b e i ng
m o n i t o r e d . The pa r a m e t e r s may be
d i s p l a y e d s i n g l y o r i n c o m b i na t i o n
w i t h o t h e r p a r a m e t e r s . D i g i t a l
r e c o r d i n g s o f t h e s t u d e n t ' s spe ech
and a s s o c i a t e d pa r a me t e r v a l ue s can
be s t o r e d c o n v e n i e n t l y f o r purp o se s
o f r e c o r d ke e p i ng and f u t u r e
a n a l y s i s .

P1.15

The pur po s e o f t h i s s t ud y was t o
co mpare o b j e c t i v e d a t a w i t h t he
t e a c he r r a t i n g s i n o r d e r t o ( a )
p i n p o i n t t he speech f e a t u r e s mo s t
d i f f i c u l t f o r t h e r a t e r s t o as s es s ,
( b ) e v a l u a t e t h e pa r a m e t e r s t h a t
m i g h t be r e s p o n s i b l e f o r t he
d i s c r e p a nc y be t we en s u b j e c t i v e and
o b j e c t i v e  e v a l u a t i o n  p r o c e d u r e s , and
( c ) d e s i g n a t r a i n i n g p r o t o c o l t o
re duce t h e e f f e c t o f t he s e
i n f l u e n c e s .

Metho d

The Funda me nt a l Speech S k i l l s T e s t
(FSST) de v e lo p e d by L e v i t t ,
Yo ude lman, and Head (1 9 90 ) was used
t o o b t a i n d a t a on a ra ng e o f speech
s k i l l s . These i n c l ud e d f und a me nt a l
a s p e c t s o f v o i c e p r o d u c t i o n and
c o n t r o l as w e l l as a sample o f
a r t i c u l a t i o n s k i l l s . The t e s t
b a t t e r y  c o v e r e d f o ur  m a j o r s e c t i o n s ,
vo i c e s o ur c e , p i t c h c o n t r o l ,
s up r a s e g m e n t a l s , and sp o n t ane o us
sp e ec h . Speech p r o d u c t i o n s k i l l s
were ass ess ed i n a v a r i e t y o f
p ho n e t i c  a n d  p h o no l o g i c  e n v i r o nm e nt s
i n c l u d i n g v o w e l s , s y l l a b l e s , wo rds ,
p hr a s e s , and sp o nt a neo us s p e a k i ng
s i t u a t i o n s .

The FSST was a d m i n i s t e r e d t o 23
s e v e r e l y  - t o -  p r o f o u nd l y he a r i n g  -
i m p a i r e d s t u d e n t s (8  -18 y e a r s o l d ) .
F S S T  a d m i n i s t r a t i o n was  co nd uc t ed by
t h e s t u d e n t ' s r e g u l a r speech
t e a c h e r . As each i t em  w as pr o d uc e d ,
CISTA m o n i t o r e d a l l o f t h e se ns o r s
no t e d abo ve . The o b j e c t i v e
measurements were s t o r e d on f l o p p y
d i s k s f o r a t o t a l o f 52 d i s k f i l e s
pe r s t u d e n t . The t e a c h e r ' s
s u b j e c t i v e r a t i n g s were re c o rd e d
s i m u l t a n e o u s l y on t he FSST t e s t
f o rm . Fo ur s e t s o f d a t a were
o b t a i n e d f o r each t e s t i t e m , two
c o n s e c u t i v e  r a t i n g s b y  t he s t u d e n t ' s
speech t e a c he r , one r a t i n g by an
i nd e p e nd e n t o b s e r v e r , and t he
o b j e c t i v e measur ements o b t a i n e d by
CISTA.
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T he a bo ve p r o c e d ur e a l l o w e d f o r d a t a
a n a l y s i s f r o m s e v e r a l d i f f e r e n t
p e r s p e c t i v e s : ( a ) i n t e r  - r a t e r
a g r e e m e nt , ( b ) t he c o ns i s t e nc y o f
t h e s t u d e n t ' s spe ech p r o d u c t i o n s on
an i t em  - b y  - i t e m b a s i s , and ( c ) t h e
r e l a t i o n s h i p be tw een o b j e c t i v e and
s u b j e c t i v e e v a l u a t i o n me as ur es .

R e s u l t s

P r e l i m i n a r y a na l y s e s have r e v e a l e d
t h a t t h e t e a c he r s were q u i t e
c o n s i s t e n t (>91% ag r e e m e nt ) when
e v a l u a t i n g t h e a p p r o p r i a t e ne s s o f
a v e r a g e v o i c e p i t c h ( f o r age and
g e n d e r ) , and t he number o f s y l l a b l e s
pr o d uc e d i n wo rds and p hr a s e s (>95%
a g r e e m e n t ) , b u t showed some
v a r i a b i l i t y when a s s e s s i ng b r e a t h
s t r e a m c o n t r o l i n co nso na nt  -v o w e l
e n v i r o n m e nt s ( 0 0 % ag r e e m e nt ) and
s up r a s e g m e n t a l s i n c l u d i n g s y l l a b l e
a c c e n t (<77% a g r e e m e n t ) , wo rd s t r e s s
(<77% a g r e e m e n t ) , and i n t o n a t i o n
c o n t o u r s (<67% a g r e e m e n t ) . The
p h y s i c a l mea sur eme nts o b t a i n e d w i t h
CISTA we r e , as e xp e c t e d , h i g h l y
r e p e a t a b l e ( c l o s e t o 100 %). T h i s
a l l o w e d f o r p r e c i s e e v a l u a t i o n s o f
t h e s t u d e n t ' s c o n s i s t e n c y . The
c o r r e l a t i o n be tw een o b j e c t i v e d a t a
and t h e s u b j e c t i v e r a t i n g s a r e
c u r r e n t l y b e i ng e v a l u a t e d . Good
ag r e e m e nt has been f o und so f a r on
g r o s s p i t c h c h a r a c t e r i s t i c s and
s y l l a b l e num be r .

S e v e r a l i n t e r e s t i n g o b s e r v a t i o n s
were made d u r i n g t h e t e s t i n g . A
number o f s t u d e n t s i mp ro v ed
n o t i c e a b l y i n t h e i r  p r o d u c t i o n s f ro m
t h e f i r s t t o seco nd t r i a l . These
s t u d e n t s were no t e d t o s e l f -  c o r r e c t
and us ed t h e speech t r a i n i n g sy s t em
as a r e i n f o r c e r . Fo r e xa m p l e , t he
f i n a l / s h / i n t he  w o r d " f i s h " became
mo re r e f i n e d o v e r s ub s e q ue n t t r i a l s
as t h e s t u d e n t cued i n t o t h e
f e e d b a c k f r o m t h e v i s u a l d i s p l a y .
I n a d d i t i o n , t he v i s u a l f e ed b ac k
e nc o ur a g e d c e r t a i n s t u d e n t s t o va r y
t h e i r v o i c e p i t c h e s t o mark wo rd
s t r e s s and  /o r i n t o n a t i o n c o n t o u r s .
T hese o b s e r v a t i o n s s u p p o r t t h e
c o n t e n t i o n t h a t CISTA has p o t e n t i a l
as a s e l f -  m o n i t o r i n g t o o l .

Summary

A co m pr e he ns i v e body o f o b j e c t i v e
d a t a and s u b j e c t i v e r a t i n g s o f
s p e e c h  p r o d uc t i o n s k i l l s i n he a r i ng  -
i m p a i r e d  c h i l d r e n has  be en o b t a i ne d .
P r e l i m i n a r y a na l y s e s i n d i c a t e t h a t
o b j e c t i v e meas ures can be used t o
sup p l e m e nt s u b j e c t i v e r a t i n g s t h a t
a r e pr o ne t o h i g h i n t e r  - r a t e r
v a r i a b i l i t y , t h e r e b y g r e a t l y
i m p r o v i ng t h e p r e c i s i o n w i t h wh i c h
t h e spe ech o f he a r i ng  -  i m pa i re d
s t u d e n t s can be e v a l u a t e d .

A ckno w led gem ent

The s u p p o r t r e c e i v e d f r o m t he
M a t s u s h i t a E l e c t r i c I n d u s t r i a l C o . ,
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PREVENTION OF GLENOHUMERAL SHOULDER SUBLUXATION IN STROKE PATIENTS USING
FUNCTIONAL ELECTRICAL STIMULATION

Pouran D. Faghri , Mary M. Rodgers, Roger M. Glaser, John G. Bors , Charles  Ho, and Pani Akutho ta

Ins titute f or Rehab ili tation Research and Medicine, Wright State  Unive rs ity; Rehabi litat ion Inst itute of
Ohio, Miami Valley Hosp ital ; and  Veteran Affairs Med ical Cente r, Dayton, OH

ABSTRACT

The purpose of this study was to evaluate the
effectiveness o f a Functional Electrical Stimulation
(FES) treatment program designed to prevent
glenohumeral joint stretching and subsequent
sub luxation and shoulder pain in stroke patients.
Twenty -two recent hemiplegic stroke patients with
shoulder musc le f laccidity were randomly assigned
to  e ither a contro l group (n =11, 6 female, and 5
male) or experimental group (n =11, 6 female, and 5
male). Both groups received the conventional
physical therapy. The experimental group received
additional FES therapy where two f laccid /paralyzed
shoulder muscles (supraspinatus, and posterior
deltoid) were induced to contract repetitively up to 6
hour /day f or 6  weeks. Duration o f both the FES
session and muscle contraction /relaxation ratio
were progressively increased as performance
improved. The results showed significant
improvements in arm function, EMG activity of
posterior deltoid, range of motion and reduction in
subluxation (as indicated by x -ray) in the
experimental vs  control group. We concluded that
the FES program was effective in reducing the
severity of shoulder subluxation and pain, and
possibly facilitating recovery of arm function.

INTRODUCTION

Shoulder subluxation in hemiplegic stroke patients is
a major problem In the rehabilitation of this
population (1 -4). In response to an upper motor
neuron lesion, the normal neural control and
voluntary function of  the musc les are interrupted
leaving the jo int capsule and ligaments as  the only
protective mechanism against gravity. In the
absence of muscle function, the capsule will
frequently stretch, resulting in shoulder subluxation.
The downward traction that the dependent arm
imposes may cause damage to all supporting
structures of the shoulder. This has been associated
with Increased pain, as well as an Increased
incidence of inappropriate autonomic responses
(i.e., sympathetic  dystrophy) in the upper extremity
(5). The traditional method for addressing this
problem is to employ some type of sling to achieve
support (2,3). Placing the arm in a position of
support helps  to decrease  pain fo r some patients.
However, this position of the arm is not
advantageous for functional activities. This is due to
the  f act that the arm is frequently he ld in a f lexed
and adducted position which may enhance the
flexor synergy of the upper extremity.

Baker and Parker (6) used FES - induced
contractions of the f laccid shoulder muscles for the
purpose of reducing existing subluxation. The
authors measured the shoulder subluxation by
taking  an anterior- posterior x -ray of bo th involved
and uninvolved shoulders. Their results showed a
significant decrease in the degree of shoulder
subluxation. However, most patients who received
this intervention were  unable to attain full  reduction
of subluxation after six weeks, which may have been
due to the high degree of subluxation present prior
to the initiation of FES. It also should be noted that

P1 .1 6

none the patients were treated p rophylactically with
FES during the acute phase of recovery. It has been
suggested that if stretching of the joint capsule
could be avoided during the acute and f laccid phase
of neural recovery, many patients would develop
suff icient muscular activity to maintain the
glenohumeral joint in normal alignment after the
recovery phase (1,2,5,8).

There fo re , the  purpose of  this s tudy was to  app ly
FES therapy during the acute phase (within 4 weeks)
of stroke to determine ff shoulder subluxation could
be prevented, and recovery of arm function could be
facilitated.

METHODS

After the Informed consent document was signed,
22 recent hemiplegic stroke patients with shoulder
muscle flaccidity /paralysis were randomly assigned
to either a control group (n =11, 6 female, and 5
male) or experimental group (n =11, 6 female, and 5
male). The mean ± SO height, weight, and age for
the experimental group were 174 ±7 cm, 76 ±12 kg,
65 ±13 yr, and for the control group were 166 ±10
cm, 78 ±11 kg, and 69 ±12 yr, respectively. A
preliminary medical evaluation was used to derive
information regarding the cardiac and medical
history for each individual participating in this study.
For safety of the FES group, a baseline ECG, as well
as detailed cardiac history review was completed.
Individuals with cardiac pacemakers were excluded
from this study. Patients with cardiac deficits,
especially conduction problems, were monitored
closely by ECG during the initial trials of the FES
program.

All subjects were tested for arm muscle tone,
surface EMG of the posterior deltold muscle, various
arm functions (modified Bobath technique; 7),
sensory, upper arm girth, shoulder lateral range of
motion for assessment of pain in the involved
shoulder (10), and subluxation via x -rays of both
shoulders. These evaluations were performed at
three time periods: 1- at the start of the program
(ft); 2- at the completion of the 6 -week program
(T2 ; and, 3- six weeks after completion of the
program (T3). To verify reliability of the test data, all
of measurements were also performed on the
uninvolved shoulder.

Radiolog ical Technique

Anterior - posterior x -rays of both shoulders were
taken of all patients at T1, T2, and T3. X -ray analysis
was done by one designated investigator on a
portable viewing box. No FES was performed for 24
hours before f inal x -rays were taken to eliminate
short -term effects of facilitation that may occur. A
modif ication of the distance measured from a single
anterior - posterior radiograph described by Prevost
and colleagues  was used (9). For this, three initial
reference points were determined: 1- central point
of the glenoid fossa, 2- central point of the humeral
head, and 3 - mos t inf erior and lateral po int on the
acromial surface of the acromioclavicular joint. The
vert ical component o f the glenohumeral alignment
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(V) was determined by measuring the vertical
d is tanc e  b etwee n the a c ro mial p o int  a nd  the c entral
point of the humeral head. The horizontal
component (H) was measured as the horizontal
distance between the central points  of  the humeral
head and the center of glenoid fossa.

Treatment

Both groups received conventional physical therapy
as part of their treatment program. The
experimental group received additional FES therapy
where two flaccid /paralyzed shoulder muscles
(supraspinatus  and posterior deltoid) were induced
to contract repetitively up to 6 hour /day for 6 weeks.
Duration of both the FES session (1.5 to 6
hours  /day) and  muscle contraction /re laxation ratio
were progressively increased (10/12 sec to 30/2 sec
on -off) as performance improved. A commercially
available stimulator (Medtronic, Respond 11) and two
surface electrodes were used. This device has
adjustments for the on -off  stimulat ion cycle and the
intens ity o f s t imulatio n,  a s  well as  having a t imer to
start and stop the stimulation. The active electrode
was  p laced  over the  posterio r delto id muscle and
the passive electrode was placed over the
supraspinatus muscle utilizing a configuration which
minimizes activat ion of the  upper trapezius muscle
(which can cause  shoulder shrugg ing). Stimulation
frequency was se t at 35  Hz to c reate  a tetanized
muscle contraction. FES intensity was set to obtain
the  desired motion of  humeral elevation with some
abduc tion and extension to pull the head of  the
humerus  into the glenoid cavity. The subjects were
asked  to use their wheelchair arm support between
and during the FES sessions.

Stat ist ical Analysis

The statistical method used to determine signif icant
differences between the experimental and control
groups was analysis of variance with repeated
measures. This model has  two between subject
factors (group: experimental vs control; shoulder:
involved vs uninvolved) and one within subject
factor (three time periods). For all statistical testing,
the .05 level of confidence was used.

RESULTS

For the uninvolved arms  of both groups, there  were
no  changes in any o f the  variab les  during  T1 , T2 ,
and T3 evaluation periods. For the involved arms of
both groups , arm f unction, muscle  tone, and  EMG
during T1 , T2, and  T3 are  p resented in F igures 1.
respectively. These results show significant
Increases In the  arm f unc tion and EMG for bo th
groups; however, the increases are signif icantly
higher for the FES group. The signif icant increases
in muscle tone were the same for both groups.
There  were no changes  in the  arm sensation for
both groups throughout the study.

The results of arm girth (G), shoulder lateral range of
mo tio n (R), vertic al and horizo ntal dis tanc es In the x-
ray (V, H) are presented in Table 1. The arm girths
were  the  same fo r the involved side  for both group
at the start o f  the program. However, after six
weeks , the girth was  increased (1 cm) in the FES
group, whereas it did not change in the control
group. During the 6 -week follow -up (f3), arm girth
for the experimental group was maintained, whereas
it decreased (2 cm) in the control group. The results
of shoulder lateral range of motion (R) shows that at

T2 It decreased (more pain) in the  control  group ,
whereas it did not change in the experimental group.
This motion decreased in both groups in their follow -
up evaluation (T3); however, it  was  higher fo r the
experimental group.

X -ray evaluations showed that the H value
decreased in the experimental group with no change
in the control  group at the 6 -week evaluation (1-2).
The control group  showed  an I nc rease  in the ir H
value , and  the  experimental group  returned  to their
T1 H value  at the  12  -week evaluation (f 3). The V
values decreased signif icantly in the experimental
group, and Inc reased signif icantly in control  group
at the 6 -week evaluation. No furthe r changes  in V
were found at the 12 -week evaluation.

Figure 1. Evaluations of the arm function, muscle tone,
and EMG activity of posterior deltoid muscle, on the
involved side during pre (T1), post (1-2), and six week
follow up (T3) of the FES treatment program.
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Table 1. The mean values ±SE o f ho rizontal (H) and
vertical (V) distance in mm, shoulder lateral range of
motion (R), and  g irth (G) in cm of  the Involved (1) and
uninvolved (U) sides of the experimental (E) and control
(C) group at pre (Ti), post (T2), and six week follow -up
(T3) of the FES treatment program.

T i T2 T3

C E C E C E

H(I) 21 ±1 23 ±.8 21 ±1 22 ±.8 24 ±1 23 ±.B
H(U) 21-t . 6 23 ±.9 21.±.6 23 ±.9 21-±.6 23 ±.9

V(I) 39 ±.9 44 ±1 45 +1 40 ±1 45 ±2 42 ±.9
V(U) 36 ±1 38 ±1 36 ±1 39 ±1 36 ±1 39 ±1

R(I) 55 ±8 60 ±6 37 ±7 58 ±7 30 ±5 49 ±8
R(U) 83 ±2 82 ±3 83 ±3 86 ±1 85 ±2 88 ±.9

G(1) 27 ±.6 30 ±1 27 ±.6 31 ±.6 25 ±1 30 ±.9
G(U) 27 ±.6 30 ±,9 28 ±.6 31+.9 28_1 -.5 30 ±.9
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DISCUSSION

These results suggest that therapeutic FES
Intervention can be used to decrease shoulder
subluxation and associated pain in hemiplegic
stroke patients. The supraspinatus and posterior
deltoid muscles are the most Important muscles for
maintaining the shoulder joint stability. The
mechanism of action of the supraspinatus muscle Is
that k: 1- seats the head of the humerus into the
glenoid fossa, 2- slightly abducts the humerus, and
3- externally rotates the arm. Both the capsule and
supraspinatus muscle are horizontally aligned and
prevent the head of the humerus from gliding down
the glenoid fossa. Depression of the glenoid fossa,
as a result of downward rotation of the scapula,
causes adduction of the arm and, therefore, requires
muscular effort to support the arm. This may well be
a significant factor In the subluxation and painful
dysfunction of the hemiplegic shoulder.

The basic action of deltoid contraction is elevation of
the humerus along a line parallel to the humerus
which tends to force the humeral head up against
the coracoacromial ligament. When applying FES to
these two muscles, the shoulder will be positioned in
less adduction and internal rotation, thereby
decrsasing contractures. After 6 weeks of FES
treatment In our experimental group, there was
significant improvement in the arm function and
EMG activity of posterior deltoid muscle. Indeed,
this may be the result of faster recovery of these
muscles. The Increases in the girth measurements
In this group may be the result of either faster arm
function recovery or muscle strengthening due to
FES - Induced contractions. The lower H value in this
group may be due to the activation of the
supraspinatus muscle since one of the actions of
this muscle is humeral abduction. On the other
hand, the reduced V value in this group could be
due to activation of the posterior deltood and
supraspinatus muscles which act to reduce the
subiuxation.

Although FES - induced contractions of shoulder
muscles can pull the head of the humerus into the
glenoid fossa to reduce subluxation, It is currently
unclear as to the precise mechanism(s) for
maintaining this effect when FES is removed. This
was demonstrated during T2 x -ray evaluation when
no FES was applied, and at theT3 x -ray evaluation
when FES had not been applied for 6 weeks. We
hypothesize that as a result of FES activation of
supraspinatus and posterior deltold muscles, there
was less deterioration and faster recovery of muscle
function. Thus, these muscles themselves appeared
to maintain joint stability, alleviating the need for
FES.

Conclusion: The results of our study agrees with
previous suggestions (1,2,5,8) that if stretching of
the joint capsule could be avoided during the
acute /flaccid phase of neural recovery, many stroke
patients would develop sufficient muscular activity to
maintain the glenohumeral joint in normal alignment
after the recovery phase. The avoidance of capsular
stretching could reduce the incidence of chronic
subluxation of stroke patients and potentially reduce
the number of individuals experiencing pain or
autonomic dysfunction In the hemiparetic upper
extremity. Also, FES may result In faster recovery of
arm function in these individuals. Further studies are

necessary to investigate the use of longer periods of
FES and the use of additional muscles for Improving
arm function and accelerating recovery.
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ABSTRACT

This paper desc ribes  a func tional e lectrical st imulation
(FES)- assisted leg- propelled wheelchair [FES -LPWC)
fo r sp inal co rd  injured (SCI) ind ividuals. The sys tem
was  designed  to  function as a conventional handrim -
propelled whee lchair, and also to enable leg -
propuls ion via smooth trans fe r of  motions  generated
by FES- induced contract ions  o f paralyzed lower -limb
muscles. During  operat ion, the  legs  p rovide  f o rward
locomotion, whereas the  arms are used  f o r steering
(as well as fo r f o rward or backward locomotion, if
needed). Components  inc lude : a position feedback -
control led, multi - channel FES unit  to induce bilateral
synchronous or asynchronous contract ions of the
quadriceps and gluteal muscles for knee - extension,
and the hamstring muscles for knee flexion; linear
motion f ootp lates  with chain d rives ; independent le ft
and right direct drive systems; and a common
dif ferential drive sys tem to produce fo rward wheel
ro tat ion with knee extensions. Preliminary tests
ind icate that the design of this sys tem offers
improved locomotion and maneuverab ili ty over our
previous ly described leg- propelled vehicle. This
device can be f urthe r developed to  o ffe r an al te rnative
means of locomotion for SCI ind ividuals, and
po tentially contribute to better health, f itness and
rehabi li tation outcome.

INTRODUCTION

Nine years ago, G lase r, et a/. [1) tes ted the f easibi li ty
of  using  a leg - propel led vehic le  to enab le  locomotion
via functional electrical st imulat ion (FESI- induced
contract ions o f  the paralyzed quadriceps muscles of
spinal co rd  injured  (SCI) individuals. Locomotion with
such a device may have advantages over
conventional manual wheelchairs  in that employment
o f  the large  leg musculature  may result  in improved
locomotive capabi li ty, circulation in the lower - limbs,
muscular and cardiopulmonary f itness, and self -
image. In add it ion, secondary medical comp licat ions
consequent to  wheelchair conf inement and  sedentary
lif estyle (e.g., deep venous thrombos is, decubitus
ulce rs, cardiopulmonary diseases ) may be p revented.

Although the orig inal leg- propelled vehicle
demons trated the concept of using paralyzed leg
muscles for locomotion, it suffered from design
deficiencies which made it impractical for eve ryday
use in the f ie ld . For ins tance, i t used  only FES of  the
quadriceps muscles to produce knee - extension
movements , and re l ied  upon g ravity to  return the  leg
to the retracted posit ion; the ratchet drive sys tem
provided limited maneuverab il ity, and it  was  d if f icul t
to  dup licate  and adjust mechanically. Thus , i t  would
be  des irab le  to  enhance  the des ign o f  this  device  to
make it more usable by SCI individuals in various
environments , and to faci litate evaluation of its
eff icacy fo r improving  locomotive  capab il ity.

There f o re , the  purpose o f this  paper is to  desc ribe  a
newly designed FES- assisted leg- propelled wheelchair
(FES -LPWC) which incorporates several advantageous
design features. The design of this FES -LPWC

enables more of the lower -limb musculature to be
employed, provides improved maneuverabi lity,
pe rmits easy alteration in the mechanical advantage
of the drive system, and faci litates dupl icat ion for
f ield s tudies.

METHODS

The FES -LPWC was designed to possess all the
features of a conventional handrim - propelled
wheelchair. In add ition, special subsystems were
inco rporated  to enab le  p ropuls ion by way o f back and
forth (push -pul l) mo tions of the legs whose paralyzed
muscles are FES activated. During  operation, the  legs
provide fo rward locomotion, whereas the arms are
used  fo r s tee ring  (as  wel l  as  f or fo rward  or backward
locomotion, if needed). To achieve this goal,
cons truc tion required special conside rations that
dif fer from conventional whee lchair design.

Figure 1 is  a photograph that shows the  s ide  view o f
the FES -LPWC. The  conventional handrim propulsion
system, moveable footp lates of the leg propulsion
sys tem, and the  mult i -  channe l FES system are seen.
Figure  2 schematically i llustrates a side view o f  the
FES -LPWC. For the  proper seating pos it ion, the back
support is  t i l ted  to  the  rear 10 0 from the vert ical  and
the bench is inc l ined  toward  the  f ront 5 0 above  the
horizontal. This faci li tates the push -pull motions of
the moveable f ootplates (A) that coup le  to  the  d rive
system. The wheelchair seat frame was construc ted
to  accommodate  mounting  o f  the  various FES -LPWC
subsys tems that are schematically i llustrated in F igure
3 and b rie f ly described below.

Le ft and  Right Moveable Foo tp lates . Each moveable
footp late  (A), cons ists o f an aluminum p late  attached
to  two parallel, near fr ic tionless  l inear motion guides
(KI that are mounted at an upward angle of 100,
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Figure 2. Side view of the FES-LPW C.

Figure 3 . Top rear view of the FES -LPW C drive system.

This pe rmits 23  cm of  push -pull  leg  motion. Flexible
plastic boots that are padded for foot and ankle
saf ety are secured  to  the top of the  footp lates. When
the  foot is inserted  into the  boot, the leg  is  posit ioned
at an ang le  o f  5 0 beyond  the  vertical. The  heel end
of  each footplate is  attached to  a d rive  chain which is
moved  by that leg.

Direct -Drive Sys tem. Each drive chain couples a
footp late by way of an idler (B) to a direct drive
system using a sp rocket with a ratchet mechanism.
The  chain te rminates  at a co il  spring (C) which only
has suff icient recoil to assist the retract ion of the
foo tplate  and e liminate slack after a push stroke. The
common shaft (D) of the left and right direct -drive
systems  is  mounted  by bearings , and  i t  ro tates  only
in the fo rward direc tion when either foo tplate is
pushed fo rward due to the sprocket ratchet
mechanisms.

Two -way Coaster Drive Mechanism . The common
shaft o f the direc t -d rive sys tems , in turn, is coupled
via chain and sprocket to a two -way coaster drive
mechanism (E). This provides immed iate  trans fe r of
applied fo rward motion to fo rward ro tation of the
dif f e rential  drive  sys tem (F ) that turns the  whee lchair
whee ls  f o r f orward propulsion. This design enables
the wheelchair to coas t fo rward at the end  o f each
fo rward  f ootp late thrus t,  and  during  re trac tion of  the
footplate. The two -way coaster drive mechanism
also permits the wheelchair to coas t in the reverse
direc t ion which provides  to tal maneuverab il ity during
handrim propuls ion o r when pul led backwards  by an
attendant.

Dif ferential Drive Sys tem . In order to propel the
whee lchair by independent appl icat ion of  f orce  to the
left or right wheel (via arms or legs), a dif ferential
drive system (F) was  incorporated  as  the  drive shaf t
between the wheels. This dif ferential drive system
also enables steering of the FES -LPWC by creating
bilateral dif ferences in wheel velocities, or
antagonis t ic  fo rward and backward wheel rotations.
Frict ionless  bearings  were  used to mount the  axle to
enhance eff icient transfer of arm or leg propulsion
thrust to the point of  contac t between each wheel
and  the ground.

Multi - Channel Functional Electrical Stimulation
Sys tem. A battery - powered, six - channel FES system
W is  used  to induce contrac tions  in paralyzed  lower -
limb musc les to  cause push -pull  motions of  the legs
for wheelchair p ropuls ion. Lef t and right leg  muscles
may be activated to contrac t in a synchronous or
asynchronous  patte rn. For pushing  ac t ion, bo th the
quadriceps and gluteal muscles rece ive simultaneous
FES. Footplate retract ion is accomplished by gravity
0 0 0 upward ti lt ), the recoil spring (C), and FES
activat ion o f the hamstring  musc les. The FES system
also incorporates position feedback sensors
(mic roswitches) on the linear guides (K) to
automatical ly contro l ac tivation o f  the muscles (i.e.,
FES timing and durat ion) at appropriate  positions  o f
the moveable f ootp lates. This f eedback circuitry also
enhances safety o f  the FES -LPWC since it prevents
rap id  impac t upon the  legs which would  occur i f  the
foo tp lates were permitted to  ab rup tly reach the end
of their motion range.

EVALUATI ON AND RESULTS

To operate the FES -LPWC, FES surface electrodes are
placed  over mo tor po ints o f the  paralyzed quadriceps,
gluteal and hamstring muscles o f  an SCI individual.
After securing the left and right feet in their
respective boo ts, the multi - channel FES sys tem is
switched on and contract ion thresholds are set.
Either a synchronous (bo th legs move simultaneously)
or an asynchronous (legs move reciprocally)
contrac tion patte rn is selected, and manual or
automatic operation is selected. With manual
operat ion, the contrac tion sequence is initiated each
time  a switch is pushed. With automatic operation,
contrac tion sequences occur at an adjustable,
repetitive rate. The feedback position sensors (K)
contro l the FES durat ion fo r each s troke , and provide
the signal to switch from the quadriceps /gluteal
pushing stroke  to the hams tring pull ing stroke . Thus ,
hamstring muscle FES only occurs  at an extended  leg
posit ion. If the legs muscles fatigue during
locomotion, FES is discontinued, and the FES -LPWC
can be propel led as  a conventional whee lchair via the
handrims.
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The newly designed FES -LPWC has undergone
pre liminary test ing wi th several SCI subjects. For
this , a re latively s traight and level 20  m indoor course
with a smooth cement f loor surface was used.
Subjects were able to propel this device via FES -
induced  contract ions  at approximate  veloc ities  o f  0 .2 -
0 .3 m /sec. Locomotion was ini tiated by using
manually - controlled, synchronous leg movements,
and then switching to automatically - controlled
asynchronous leg movements for smoother, more
continuous motion. The entire 20 m course was
easi ly traversed  by subjects  who were wel l- trained  in
FES- induced knee - extension exercise. Operating  the
FES -LPW C with the upper -body via the handrims  was
found to be similar to conventional manual
wheelchairs with respect to propulsion and
maneuverabi li ty.

DISCUSSION

Although conventional handrim prope l led  whee lchairs
are important fo r the  mob il i ty o f SCI  ind ividuals , there
are  inherent prob lems  associated with these devices
that can hinder the rehab i l itat ion p rocess  and lead  to
serious secondary disabili ties  [2 -51. These p roblems
re late to : the use  of  the relat ive ly small  upper -body
muscle mass which is  highly fatigable; inact ivi ty of
lower -body muscles which leads to atrophy,
osteoporos is, decubitus ulce rs, blood pooling in the
legs and greater risk fo r deep venous thrombosis
fo rmation; and , marked loss of cardiopulmonary
(aerobic) f itness.

Therapeutic FES - induced exercise o f  the lower -limbs
of SCI individuals (e.g., knee - extension, leg cycl ing)
has been sho wn to enhance the streng th and
endurance of the activated muscles, peripheral and
central circulat ion of blood, and cardiopulmonary
func tion (6 -81. Thus , FES can potential ly
prevent /alleviate secondary disabilities and permit a
more ac tive lifestyle. The concept of using FES -
induced  contract ions  of  paralyzed lower -l imb  muscles
of  SCI ind ividuals  f o r p ropulsion o f a vehicle appears
to  have  f ar reaching merit. Use of  the larger lower -
body musc le mass, and the repe tit ive contract ions
involved , may provide superior exercise
charac te ris t ics  and  contribute to  improved  health and
fitness , as  wel l as  improved locomotive  capab il ity.

The FES -LPWC incorporates design improvements
over the previous ly described leg propelled vehicle
[1 ]. Util izat ion o f  the  d irec t d rive  sys tem, two -way
coas ter drive mechanism, and dif f erential drive
sys tem p rovides  g reater mob il i ty and  maneuverab i li ty
than the previous ly used ratchet drive system. In
addition, the  multi  - channel FES sys tem enables use of
more muscle groups to enhance locomotive
performance and p rovide  g reater exerc ise bene fits. I t
is  also poss ib le  to operate the FES -LPWC with bo th
the arms and  legs  simultaneous ly to  incorporate even
more muscle mass, and possibly derive greater
locomotive  and exercise bene fi ts . Laborato ry test ing
is needed to determine metabolic (energy cost) and
card iopulmonary responses fo r this mode of
locomotion, and to provide ins ight into design

modif ications which will increase mechanical
eff ic iency and other operating characte ristics. I t
appears that devices such as the FES -LPWC can offer
an alternative means of locomotion for SCI
individuals , and  potentially contribute  to  higher levels
of health, f itness and rehab il itation outcome.
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ABSTRACT

This paper describes a l inked arm c rank and leg  cyc le
ergometer fo r combined computer controlled
func tional electrical stimulation (FES)- assisted leg
cycle and vo luntary arm crank (hybrid) exercise for
spinal cord injured (SCI) individuals. Components
were implemented to enable the use of this hybrid
exercise sys tem in an upright and a range of
recumbent postures. I ts seat is ful ly adjustable to
accommodate  individuals o f various  heights  and l imb
lengths. To  measure  the  f o rce contributions o f  the
arms  and legs independently during hybrid exercise,
specially designed strain -gauge systems were bui lt
into  the  arm c rank and  leg  pedals . Pre liminary tes ts
indicate that computer - controlled FES can be
delivered to the desired muscles at  t he appropriate
crank angles, and that this hybrid exercise sys tem
can be  used  fo r muscular and  card iopulmonary f i tness
training of  SCI individuals.

BACKGROUND

Previous studies have shown that exercise is an
extremely important treatment modali ty to develop
physical f itness and func tional independence for
quadriplegic and paraplegic individuals [1 ]. I t may
also  play a p reventat ive  ro le during  and f ol lowing  the
rehabil itat ion process by maintaining fitness since
cardiovascular and  respiratory disorders are  prevalent
causes of morbidi ty and mortal ity in the SCI
populat ion [2). During the acute phase of
rehabi litation, circulato ry adjustments to changes
from supine to upright postures are frequently
impaired [3,41. This is because  the hyd ros tat ic load
due to gravity opposes the re turn of venous blood
from the  lower body to  the  heart. This  condition can
result in orthos tatic hypotension which can reduce
arte rial  blood f low to  the  brain, and lead to  a loss  o f
conciousness. Figoni, et a1. [51 studied quadrip legic
individuals perf orming arm cranking exercise in the
sitt ing  and supine pos tures. They found  that maximal
power output, peak oxygen up take, ventricular stroke
volume and card iac output were  s ignif icantly higher in
the sup ine position. This appears to be due  t o  the
faci litated venous re turn of the blood to the heart
which in -turn enabled  the de l ive ry o f  more  b lood  to
the  exe rc is ing arm musc les. Four studies comple ted

in our laboratory have shown that in SCI subjects
perfo rming arm - cranking exercise in the sitt ing
posit ion, the add ition of either knee extension
exercise or leg cycl ing exercise via functional
electrical st imulat ion (FES)- induced contractions of
paralyzed muscles  can increase peak oxygen uptake
above levels  achieved by the  arms alone  [5  -81. This
is most likely due to the additional muscle mass

util ized with hybrid exercise. Furthe rmore, the
induced lower -limb contract ions may activate the
venous muscle pump and enhance peripheral and
central circulat ion. I t appears feasible that this
add itive  metabol ic and cardiopulmonary eff ect may be
more pronounced if the exercise is conducted in a
recumbent pos it ion where the reduction in hyd rostat ic
pressure may f urthe r promote  venous re turn of  blood
to the heart. Although there appears to be
advantages in combining the various exercise
techniques to optimize training capabilities of SCI
ind ividuals, no composite sys tem was available for
evaluation. Therefore, the purpose of this project
was  to des ign and  cons truc t a hybrid  exercise  system
to enable simultaneous vo luntary arm cranking and
FES- induced  leg  cyc ling  in the si tt ing and recumbent
postures.

METHODS

The hybrid exercise system was designed to
inco rporate combined computer controlled FES leg
cyc l ing  and  vo luntary arm c ranking exerc ise by way
of  a linked e rgormete r configurat ion. I t  possess  the
versati li ty to  be  operated in di f f e rent postures and  to
accommodate ind ividuals o f various he ights  and l imb
leng ths. The contribut ions o f  the  arms and legs to
the to tal  power output can be  continuously monito red
independently by f o rce  sensors  in the  arm c rank and
leg pedals. Figure 1 is a photograph o f  the hybrid
exercise system be ing  operated in a semi - recumbent
posture. Figure 2 is a diagrammatic  i llustration of  the
s ide  view o f  the  device in the lowered position Ifor
up right exercise) showing details of the various
linkages  and  subsystems. Figure 3 diag rammatically
il lus trates  the device  in a raised pos ition pos it ion fo r
semi - recumbent exercise. The fo llowing are the
details  of  the subsystems.

Computer Control of FES. An IBM microcomputer
(F igure 2 H) was  used to  imp lement compute r contro l
of FES. The program f o r this was written in Forth
and run under "ASYST" so f tware package by Keithley
Co. During operation, real -time data are obtained
regarding pedal position within a crank cycle by
masking digi tal pulses from sprocket tee th (via

infrared sensors ) between 0 0 and  360 0 crank angle.
These  data are used to control  the phase  (on -off  time)
of FES current application to the selected muscle
groups. The computer program is used to set the
FES intens ity level fo r each muscle group prior to
init iating  an exercise . I t  is  also  used  to  acquire and
sto re  the  f orce values  app lied by the  arms  and  legs ,

independently.
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F i gu re  2 . S i de  v ie w of the  compute r - contro l led
hybr id  e xe rc is e  s ys te m f o r us e  w it h a sub j ec t
in  t he  up ri gh t p os tu re .

F ig ur e  3 . I l l us tra t i on of op ti onal  use of the  hyb ri d

exe rc is e  sys t em  i n the  re cumb en t po s t ur e .

ad justab le  from the  ve rt ical  to  the  ho rizontal position.
I t  also  has  s ide  supports  to keep  the  body and legs
centered and  stable. The ve rt ical ad jus tment (B) is a
two -stage telescoping motor - driven pillar (Magnetic
Corporat ion) which has a 0.6  meter d if fe rential  height
adjus tment, I t  is  capab le  o f  withs tand ing  a 2 ,000  N
load, 1 meter off the center. The horizontal
ad justment of  seat pos it ion is implemented  with bal l -
screw motor - driven linear motion guide sys tem (C)
which is  capable  o f withs tand ing  4 ,000  N load . The
ranges o f vertical  and  ho rizontal trave ls  were  chosen
so  t hat SCI individuals could sit  and reach the arm
crank and  leg pedals comfortab ly.

The Coupled Arm -Crank and Leg -Cycle Ergometer.
The arm -crank and leg- pedals are coupled so that
they drive a common f lywhee l (D). This is achieved
by 1) l inking  the  leg  pedals  to  the  f lywhee l through a
chain and sprocket arrangement, and 2) linking the
arm crank to  the  leg pedals  by a two  -stage chain and
sprocket arrangements (1_1 and 1-2). While  L2  has a

double- sprocket, double -chain configuration to
fac il itate linkage with L1 and the flywheel,

respectively, L1 has a single - sprocket conf iguration.

There are provisions also in L1 to faci litate angular

adjustment (132) in a vert ical plane to se t the dis tance

between the arm crank and leg pedal fo r each
ind ividual. The idler /tensioner (T) is  used to p revent
slack in the drive chain as a result of L1 angular

adjus tment.

System Base Angular Adjus tm en t: The hybrid
ergometer is mounted upon a high - tensile, light-
we ight aluminium base  p late . The base  is designed
to pivo t about the seat end (Figure  3 G) uti lizing a
shaft and  bearings. Elevation o f the  f ront end o f  the
base plate is accomplished by a motor - driven two -
stage pillar (Figure 3 F). The maximum angular

disp lacement is  300 from the  horizontal. To provide
a counter balance during upward ti lt of the
ergomete r, the pivot (G) and the  drive (F) are secured
on a heavy s tee l s lab  which has  two  sec tions  which
disassemb le f or ease o f transportat ion,

Electrical/Electronics Subsystem. This subsystem,
which is illustrated as E in Figures 2 and 3 , is
composed of  two parts . The f irst is an eight - channel
FES sys tem whose crank angle- dependent on -off
timing for each muscle is controlled by a
mic rocomputer via dig ital masks  (as indicated above).
FES intensity leve ls  are  also  set via D/A signals  f rom
the microcomputer. The second part is a real -time
data conditioning and display sys tem for cadence
(RPM), current intens ity levels, and forces of arm
cranking  and leg cyc ling . These  data are also stored
simultaneous ly in the microcompute r.

Arm Crank ing and  Leg Cycl ing  Force Measurement
The Seat: Vertical and  Hori zon tal  Adjustm ents. The In order to measure the fo rce generated during  arm
seat, and its vertical and horizontal pos ition cranking  and leg  cyc ling independently, special fo rce
ad jus tments are illustrated in Figure 2 A, B and C, sensors that are integral components of the arm
respec tively. The back support of the seat is crank and  leg pedal shaf ts (S1 and S2 in Figures  2
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and 3) were  constructed . Figure  4  A il lustrates the
detail of these sensors, showing that they are
designed  to provide a fo rce output s ignal only when a
tangential fo rce is appl ied to  them. The  male sec tion
(B) consists of  f our f ingers which matches the female
section (C). Each f inger has  a narrow section cut-out
to assure that bending tendencies are referred to
them, and strain - gauges are mounted symmetrical ly
on bo th sides of each cut -out. Electronic data
condit ioning  p rovides  al l pos itive output signals f rom

the  strain-gauges.

D irec t ion o f  app l ied  f o rce Nar ro w

(a lways  t ange n ti al ) Cu t ou t

(A)

F igure  4 . (A)  Sc hem at ic  rep re sen tat io n o f  t he
c ros s  s ec t ion  o f  a sys tem  to  me asure  the  f o rce

of  arm - c ranking  and leg - pedal l ing independently.

(B) and  (C) i l lus tra te  the  male  and  f em ale

sec tio ns  re spec ti ve ly.

SYSTEM EVALUATION AND CONCLUSION

Prel iminary evaluation of  the  hyb rid  exe rcise sys tem
was  conduc ted  to  de termine  hardware and  sof tware
performance and limitations. Subjects with various
physical dimensions were used to test the
ad jus tab il i ty of  the  seat and  e rgomete r arm crankl leg
pedal reach. It was f ound  to accommodate all the
size variations anticipated for the targeted subject
population. Ind ividuals reported that the seating

arrangement was stable and conduc ive to exercise.
When t i lt ing the e rgomete r upwards  from the  up right
to semi - recumbent postures, the body geometry
remained cons tant so  that s tud ies can be perf o rmed
on dif ferent gravitational loads without changing
exercise configurat ion. Computer control of FES
app l icat ion to  the musc les was f ound  to be  accurate
up to 40  RPM cadence. Beyond 40  RPM, FES control
lagged behind cadence. This  resulted  f rom the  multi -
channe l,  multi - tasking limitation ove rhead of  the  hos t
computer package ( "ASYST "). Although we can
util ize 40 RPM cadence for most quadriplegic
subjects, i t  w i l l be desirable to operate at 50 RPM
cadence fo r paraplegics. The system can be
developed furthe r uti lizing programming
microp rocessors fo r FES control  ins tead  o f us ing the
ASYST so ftware package with the microcomputer.
This wi ll also faci litate the use of the ergometer
outs ide of the laborato ry environment. This hybrid
exercise system can potentially enable  SCI individuals

to achieve higher leve ls of  muscular and pulmonary
f i tness than with ei the r the  arm o r leg  exe rc ise  mode
alone. Research is currently und erway to evaluate
the e ff icacy of  this  mult i -mode exercise sys tem.
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Competency Based Staff Training for Physical and Nutritional Management Programs

Abstract

Rita K. Handley, MOT, OTR & Karen Hardwick, MEd, OTR
Texas Department of Mental Health and Mental Retardation

Austin, TX

This presentation describes a com-
petency based training program
designed for staff who care for
individuals with severe physical
and neurological dysfunction. The
program includes instructional
videos and written materials which
address handling,transferringg,
specialized seating and posiEion-
ing, feeding techniques and equip-
ment, prevention of choking, and
other care issues for individuals
with developmental disabilities.

Background

Direct contact staff who care for
individuals with severe physical
and neurological dysfunction often
have little education and experience
in that area. This program was
developed to prepare staff for their
roles in implementation of integrat-
ed physical management programs
which are an essential part of the
treatment for developmentally dis-
abled individuals. Such programs
may require staff to use specialized
seating and positioning to normalize
muscle tone and enhance function;
carry out feeding programs to improve
health and nutritional ststns• and
perform individualized handling and
transfer techniques. This program
was designed to help nonprofessional
staff develop a working understanding
of the rationale underlying the vari-
ous aspects of care involved in
physical management programming
as well as the specific techniques
required to implement individual
plans of care.

Objective

This program was formulated to in-
sure a consistent method of providing
the necessary knowledge and skills
for staff to carry out comprehensive
physical management activities. Be-
cause of the complex nature of some
programs and the potential negative
impact on the individual from lack
of consistent implementation, a
standardized method of insuring staff
competency was essential.

Description

The training modules contain both
didactic and practicum components.
The didactic part of the training
program is designed to provide bask
information about developmental
disabilities, therapeutic techniques,
and specialized equipment which is
used to enhance function in this
population. The practicum component
includes sensitivity exercises as
well as teaching specific physical
management skills. Each unit con-
tains specific learning objectives,
vocabulary, instructional video
tapes, and evaluation instruments.

The complete training program is com-
prised of six competency based modules
and addresses the following subjects:
Normal and Abnormal Development;
Developmental Disabilities; Body
Mechanics; Therapeutic Handling and
Positioning- Oral Structures and
Promotion of Optimal Eating Skills.
The fifteen to twenty minute instruc-
tional videotapes which accompany
each module were designed to provide
information in a concise and easily
understood format. The evaluation
instruments are clinically based case
studies designed to assist the student
in practical application of the infor-
mation presented in the video topes.
In addition to the materials used in
the classroom situation each partici-
pant receives a manual containing the
learning objectives, vocabulary
used in the module, a description of
practicum exercises, pictorial train-
ing aids, and copies of the skill
mastery checklists used to document
competency in the various areas.

Method

The purpose of the seminar is to pro-
vide information about a structured,
competency based training model for
staff working with severely handi-
rnnp pd individuals. The mrulules were
desiggned to address developmental
problems that interfere with func-
tioning and cause secondary disabil-
ities.

The presentation includes lecture and
visual aids. The lecture describes
the instructional design and content.
Visual aids show examples of program
components. Instructor's and parti-
cipant s manuals and testing materials
will be available for review.

At the end of this presentation the
participants should be able to
Identify the activities included
in a comprehensive physical manage-
ment program and describe apppro riatetraining methods and materials for
staff working with severely disabled
individuals.

Discussion

Unlike most training programs which
are available, the focus of this
series is on skills and techniques
appropriate for use with adults who
exhibit physical and developmental
disabilities. The skills which are
demonstrated are appropriate for
use both in residential facilities as
well as small community homes. The
presentation is geared largely toward
nonprofessional staff who are respon-
sible staff who are responsible for
most activities of daily care.

These training modules were designed
to be used in a variety of instruc-
tional settings. If necessary, the
diadactic and practicum components
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may be taught by qualified, non-
professional staff. Because of the
content and scope of the instruc-
tors manual, specially trained in-
structors should be able to answer
questions about the material and
discuss basic concepts. There are,
however, certain parts of training
which are better served through
involvement of rehabilitation ppro-
fessionals. Initial on theob
training and determination o skill/
competency should ideally be per-
formed by professional staff. In-
dividual modules are self- contained
and can readily be used for refresh-
er training, individual self -paced
study, or inservice education.

Rita K. Handley, MOT, OTR
Assistant Deputy Commissioner for
Physical Health and Nutritional
Management

Texas Department of Mental Health
and Mental Retardation (TXMHMR)
P.O. Box 12668
Austin, Texas 78711 -2668

Karen Hardwick MEd, OTR
Director of Ha;ilitation Therapies
TXMHMR - Austin State School
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Austin, Texas 78767

RESNA International '92 • June 6 -11, 1992 481



P2.2 Rehabilitation Engineeringg O pportunities under The

Americans With Disabilities Act

William A. Hyman
Bioengineering Program
Texas A &M University

College Station, Texas

Abstract

The Ame ricans  with Disabi lities
Act (ADA), signed into law on July
26, 1990, mandates certain actions
in  bo t h t h e p ub l ic  a nd  pr i va t e
sectors to eliminate discrimination
against individuals with handicaps
in the areas of employment,
transportation, public services,
public accommodations and
telecommunications. The act also
provides legal remedies for
individuals who are discriminated
against. The legislative history,
as well as the act, calls for the
use of technology as part of the
requirements of accommodation.
These requirements present a number
of new opportunities for the
application of rehabilitation
engineering services.

Introduction

The ADA has been called the
Emancipation Proclamation for those
with disabilities. Consisting of
five major sections, the ADA will
bar discrimination by both private
business and governments in public
accommodations and services,
telecommunications, and employment.
While access to buildings and
transportation is reasonably well
understood, the employment
provisions of the ADA are unique in
the requirements for providing, on
an individual basis, "reasonable
accommodation ". (Postol and Kadue,
1991). These provisions take effect
in July, 1992 for employers with 25
or greater employees, and in July,
1994 for employers with 15 or
greater employees. Reasonable
accommodation can include facility
access, reassignment, modified
schedules, job restructuring,
acquisition or modification of
equipment, and similar measures.
Technological approaches to such
accommodation, including specific
examples, was anticipated in the
legislative history of th e AD A
(House and Senate Reports). Such
accommodations must be made unless
they present "undue hardship" to
the employer, i.e. an action

requiring significant difficulty or
expense. Factors to be considered
in the evaluation of undue hardship
include the nature and cost of the
accommodation, the financial
resources of the employer, the
number of persons employed, the
effect of the accommodation on
other operations, and related
matters. Technological input will
be required in three areas;
evaluation of requirements for
feasibility and cost, the
implementation of selected aids,
an d  t h e resolution of disputes
relating to whether accommodation
should have been made.

Evaluation

When the issue of accommodation
first arises it will be necessary
in many cases for the employer to
obtain an initial study of what
accommodations are appropriate for
an individual candidate, and
whether these accommodations can be
provided without undue hardship.
Addressing this question includes
traditional employment counselor
and rehabilitation engineering and
technology activities. This might
be done by in house, by a state or
other vocational counselor, or by
outside consultants. The objective
would be to identify what would
ha ve  b e de  d on e, what it would
cost, and other implications of
implementation. These factors
would enter the employers decision
as to whether or not the
accommodation was reasonable.

Implementation

Following a favorable evaluation
and decision by the employer, the
technical aspects of the
accommodation must be implemented.
Depending on the scope and
complexity of what is needed, the
accommodation may involve a range
of devices from off - the -shelf
equipment to custom design. The
equipment must also be setup at the
workplace along with any other
physical modifications. As with
many rehabilitation applications,
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this may involve vendors,
technologists, engineers and other
providers. Cost sharing between
provider and employer may also have
to be resolved if the burden would
be unreasonable on the employer
alone. It wi l l also be appropriate
in most cases to provide follow -up
evaluation to make sure that the
accommodation is successful from
th e  p o in t  o f view of both the
employee and the employer. More
long term follow -up may also be
necessary as the requirements
change or the employee is
considered for other work. The
latter is an important
consideration in that, having
overcome any initial barriers to
employment, the worker should not
be discriminated against with
respect to opportunities for
advancement.

Dispute Resolution

It has been predicted that among
other effects, the ADA will
generate a significant number of
allegations of discrimination with
the need to resolve these either
administratively or by litigation.
The administrative procedure
involves filing a charge with the
Equal Employment Opportunity
Commission (EEOC). If the EEOC
does not initiate proceedings
against the employer it must issue
a right -to -sue letter to the
complainant who may then initiate
civil litigation. It can be
anticipated that the nature and
reasonableness of accommodation
will play a significant role in
such disputes. An initial
evaluation would be significant
with respect to conclusions that
accommodation was not feasible or
that it would it be too costly. In
the absence of an initial
evaluation one would probably have
to be done in defense to prove that
the employer had acted properly in
not accommodating the worker.
Similarly, the plaintiff worker
would want to have their own
evaluation in order to establish,
if possible, that accommodation
should have been made. since the
plaintiff evaluation can be
expected to result in a proposed
solution to the accommodation
problem, the defense side will be
further required to explain why the
plaintiff's plan was not suitable.

Thus, as in many litigation areas,
the "experts" on each side will
play an important role in providing
evidence on whether or not
accommodations should have been
provided.

Conclusion

The ADA will require a new level of
effort to provide technical
accommodations to workers or
applicants with disabilities.
While such activities have been
ongoing, federal requirements will
no doubt increase the demand for
rehabilitation engineering and
technology services. These
services will be necessary in order
to provide evaluations of what
adaptations would be required, and
what they would cost, in order to
accommodate particular workers to
particular jobs. They will also be
necessary when feasible
accommodations are identified and
chosen for implementation.
Finally, rehabilitation engineering
studies will also be required in
the dispute resolution phase of the
ADA when a claim of denied
accommodation must be analyzed.
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P2.3
ASSISTIVE TECHNOLOGY CLINICS:

AN INTERDISCIPLINARY, COMPREHENSIVE PEDIATRIC EVALUATION

Michelle L. Lange & Cheryl S. McDonald
AccessAbility Resource Center

The Children's Hospital of Denver
Denver, Colorado

ABSTRACT OBJECTIVE

The Assistive Technology Clinics at The
Children's Hospital in Denver strives to
provide an interdisciplinary, comprehensive
evaluation for children who may benefit  from
assistive techno logy. Clinics include
Posit ioning and Mobili ty, AccessAbili ty,
Augmentative Communication, Learning
Enhancement, and Environmental Controls.
Team members include an occupational
therapist, physical therapist, rehabilitation
engineer, physician, speech language
pathologist, and learning specialist. The
evaluation process begins with enhancing
community awareness in order to reach those
in need of technology. The assessment is
family- centered and designed to promote
choice. The process concludes with follow
through of recommendations; including
funding, resources, and training.

BACKGROUND

As the physically challenged population continues to
grow in number, the variety of technology available
to meet their special needs expands internationally.
However, when faced with such a vast array of
technology, the need for evaluation becomes even
more apparent. The technology user, f amily, and
those working with the user need to be informed as
to what assistive technology is available, and
assisted in identifying which equipment will best
meet their needs and/or goals.
Technology evaluations have often been fragmented,
with many professional disciplines unrepresented,
and/or not working together as a team. Families are
often uninformed and, as a result, professionals
often make recommendations without including the
family in the decision. Clearly, there is need fo r a
comprehensive, interdisciplinary approach. In
conjunction with this need for appropriate
evaluation, is the need for corresponding follow
through, including the areas of funding, training,
and on -going evaluation as the user's needs change.
An ideal evaluation would prevent acquisition of
inappropriate equipment which too often ends up on
closet shelves, but would increase independence and
quality of life through assistive technology.

The purpose of the Assistive Technology Clinics is
twofold: 1) to provide an interdisciplinary,
comprehensive evaluation of the child to determine
which technology can best meet the user's needs and
goals, and 2) to include the user /family as a part of
the team and give them the information they need to
make a decision.

METHOD /APPROACH

Referrals
The Assistive Technology Clinics have served users
from all over the United States. Referral sources
include physicians, therapists, educators, parents,
and users themselves. Both inpatient and outpatient
populations are represented. The program also
attempts to increase community awareness, and
thus, help f ind those in need of technology who are
not receiving services.
Once a referral is received, all pert inent
information is gathered prior to scheduling the
evaluation. Gathering of information includes a
pre - evaluation questionnaire completed by the
family, medical records, therapy reports, and
school reports.

Clinic Process
The Assistive Technology Clinic's staff consists of
an Occupational Therapist, Physical Therapist,
Rehabilitation Engineer, Rehabilitation Physician,
Speech Language Pathologist, and Learning
Specialist. Other disciplines who can be included as
needed are a Lekotek leader (adaptive toys and
play), parent advocate, social worker, and
recreational therapist. The Assistive Technology
Clinics consist of Positioning and Mobility,
AccessAbility, Augmentative Communication,
Learning Enhancement, and Environmental
Controls.

The evaluation process begins with a parent
conference, attended by all team members. The
family is a vi tal part of  the team. Friends, family
members, or other pro fessionals working with the
user are welcome, at the user's invitation. At this
conference, the user and family are encouraged to
express their goals f or the evaluation. The staff
reviews information previously gathered with the
team.
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Positioning and Mobility Clinic. The Positioning and
Mobility Clinic begins with examination by the
physician and the physical therapist. Orthopedic
concerns, as well as influence of joint range of
motion, muscle tone, and primitive reflexes as
relevant to seating, are identif ied at this tlrne. Now
the chi ld is positioned. Frequently a modular
Seating Frame is utilized, which is a component
system that allows simulation of a custom linear
seat. This system can include an anti - thrust seat,
which has been found extremely beneficial for
children with extensor posturing. The seating
frame is mounted on an Invacare Arrow power base
which can be adapted to multiple access methods.
Once a child is positioned optimally, an access
method is determined for mobility. This may
include joystick, multiple switch array, single
switch scanning, sip and puff, RIM control, etc.
Mobility skills are then explored in conjunction
with access assessment. Skills explored may
include cause and effect, stop and go, turning,
steering, negotiating obstacle courses, ramps,
doors, etc.
The Positioning and Mobility Clinic concludes with
a Summary Conference at which t ime a mutually
recommended seating system and /or mobility
devices may be ordered.

AccessAbility Clinic. Access to technology is
assessed during the entire evaluation process.
Access is considered in terms of how the user
interacts (or needs o r would like to  interact) with
every aspect of his or her environment. Access also
impacts how devices may interface with one
another.

Auamentatave Communication Clinic. Clinic
resumes the next day with another parent
conference at which time specific augmentative and
learning issues /goals are identif ied. The
Augmentative Communication Clinic is staffed by a
speech language patho logist and an occupational
therapist, if  access is an issue. In this clinic, team
members evaluate a chi ld's potential for
communication and match needs with features of
particular communication devices. Light tech as
well as high tech systems are explored.

Learning Enhancement Clinic, The Learning
Enhancement clinic is staffed by a speech language
pathologist with special training in special
education and an occupational therapist, if  access is
an issue. Through use of computer technology, team
members evaluate a chi ld's potential to use
appropriate educational programs as a means to
faci litate learning and language growth whenever
use of conventional education methods are diff icult
for the child.

Env iro nmental Contro ls Clinic. Finally,
environmental controls are examined by the
occupational therapist. A wide variety of systems
are considered and matched to the user's access
capabilities, control needs, and general cognitive
ski l ls.

At the conclusion of these clinics, the Assistive
Technology Clinic staff meet again for a staff ing to
review the evaluation and recommendations. During
this time, the user and attendees have a recess with
time to reflect on the evaluation, discuss issues and
fo rmulate questions. Finally, a Summary
Conference is held, with all team members present,
during which the entire evaluation is reviewed.
Recommendations and further information are
presented to the user to better enable them to make
an informed choice as a team member. Questions are
addressed and follow -up is discussed and begins.

Follow -up
During the Summary Conference, the user /family
is given a Question and Answer form as well as a
Summary form which lists goals, recommendations
and resources for the family. The family receives
formal reports and a post - evaluation questionnaire
by mail.  Fo llow -up calls are made at 1, 3, 6, and
12 month intervals, at which time status of  the
recommendations is checked. This includes
equipment funding, order, delivery, and check -out.
The physician writes a Letter of Medical Necessity
and f ills out any necessary forms which are sent to
the equipment vendor to facilitate funding approval.
If  further documentation o r justif ication is needed,
the appropriate team member can provide this, as
well. Following funding approval, the Assistive
Technology Clinic verif ies that an order has been
placed and receives an estimated delivery date. Upon
delivery, a team member checks out the equipment
to verify that the equipment is correct and to begin
any needed training.

Training is provided, as needed, either as a tool to
further determine recommendations or to instruct
the user, family or others in the use of  obtained
equipment. If the family lives out of the area,
intensive training sessions are scheduled when the
family can return or detai led training
recommendations are made which are carried out in
the home area. A user might be referred for re-
evaluation at a later date, after achieving specif ied
goals (ie. demonstrates stop and go concepts for
mobility), or as needs change.
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RESULTS

Overal l, the surrounding community has
demonstrated increased awareness o f techno logy
resulting in more referrals for those in need of
technology. Those professionals who are working
with evaluees have been generally pleased with the
evaluation, recommendations, and fo llow through.
The most favorable results have been from the
users themselves. Many who are physically
challenged have achieved some independence in
their lives fo r the first time during the Assistive
Technology Clinics. Perhaps this was the f irst time
they could move themselves through their
environment independently, speak what was on
their mind, or create and print a card to their
mother on the computer. Satisfaction with
availability of funding sources and quality of
service from equipment vendors is an ongoing
issue, one which the Assistive Technology Clinic
team is striving to impact.
The Assistive Technology Clinic staff have found the
team approach less frustrating and have been
pleased with resulting recommendations, which are
more coordinated. There has been a "streamlining"
of equipment ordered. For example, if joystick
access to a power wheelchair has been
recommended, this access method may also be
recommended for an augmentative communication
system, and the two devices interfaced.

DISCUSSION

Four major philosophies form the foundation of the
Assistive Technology Clinic process. First, is a
Team approach which is truly interdisciplinary and
comprehensive. Second, is a Family Centered
approach. The family is truly a member of the
Assistive Technology Clinic team and their input,
goals, and needs are stressed from referral through
follow -up. Third is Promoting Choice. The user and
family are provided with information in as clear
and as organized a manner as possible to assist them
in making an informed decision as a member of the
team. Any time a decision is made throughout the
process, the family makes the ultimate choice with
input from the o ther team members. Finally, the
Assistive Technology Clinic process is a Total
approach. The staff do not just perform evaluations.
The clinics identify needs, perform the evaluations,
and follow through with all recommendations made
and with training and re-evaluation needs. These
philosophies help to ensure that the Assistive
Techno logy Clinics do not merely provide
recommendations, but result in effective technology
which is used to promote increased independence
and quality of life for those who are physically
challenged.
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D I S A B I L I T Y  M A N A G E M E N T  W I T H I N  T H E  D E P A R T M E N T  O F  D E F E N S E
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D e f e n s e  M e d i c a l  S y s t e m s  S u p p o r t  C e n t e r
Fa l l s  C h u r ch ,  V A  U S A

I n t r o d u c t i o n

The  D ep ar tm en t of  D ef en se  ( Do D)
h a s  t a k e n  a  p r o a c t i v e  a p p r o a c h
to w a r d s  d i s a b i l it y  m a n a g e m e n t .
Se cr et ar y o f De fe ns e C he ne y ha s
s e t d e p a r t m e n t g o a l s to
in c r ea s e r e p r e s e n t a t i o n of
e m p l o y e e s w i t h di s a b i l i t i e s
f r o m  1 . 2 %  t o  2 %  b y  t h e  e n d  o f
fi s ca l y e a r 199 2. D o D is
a g g r e s s i v e l y r e c r u i t i n g
i n d i v i d u a l s  w i t h  d i s a b i l i t i e s
a n d ,  t o  s u p p o r t  t h i s  g o a l ,  t h e
C o m p u t e r / E l e c t r o n i c
A c c o m m o d a t i o n s Pr o gr a m (C AP )
wa s  e s t a b l i s h e d  i n  1 9 9 0 .

CA P a s s i s t s D o D a g e n c i e s by
pr o v i d i n g  a d a p t i v e  d e v i c e s  f o r
D o D e m p l o y e e s w i t h
di s a b i l i t i e s . T h e  p r o g r a m  i s
in t e nd e d t o e l i m i n a t e a w i d e
v a r i e t y  o f  b a r r i e r s  f o r  p e o p l e
w i t h  d i s a b i l i t i e s  w h o  u s e  D o D
f a c i l i t i e s  a n d  p a r t i c i p a t e  i n
Do D p r o g r a m s an d ac t iv i t ie s .
D o D h a s p r o g r a m m e d $1 0. 7
mi l l i o n t h r o u g h 199 4, ma k i n g
C A P t h e la r ge s t and mo s t
in n o v a t i v e in i t i a t i v e in t h e
F e d e r a l g o v e r n m e n t t o
a c c o m m o d a t e in d i v id u a l s wi t h
di s a b i l i t i e s .

T h e C A P is a jo i n t ef f o r t
bet we en  t he As si st an t S ec re ta ry
o f  D e f e n s e (F or ce , Ma n a g e m e n t
an d  P e r so n n e l ) (ASD(FM &P)) and
t h e A s s i s t a n t Se c r e t a r y of
D e f e n s e ( H e a l t h Af f a ir s )
(A S D ( HA ) ) . Th e De fe ns e Me di ca l
S u p p o r t Ac t i v i t y (D MS A) , a
fi e l d  a c t i v i t y  un d e r  A S D ( H A )  ,
an d o n e of its s u b o r d i n a t e
pr o g r a m of f i c e s , sp e c i f i c a l l y
t h e D e f e n s e Me d i c a l S y s t e m s
Su p p o r t C e n t e r (D MS S C) , h a s
bee n na me d t he  e xe cu tiv e ag en t.

M e t h o d s

To  a ch i ev e Do D  g oa l s to  s u pp or t
t h e re c r u i t i n g , hi r i n g a n d
ad v a n c e m e n t of p e r s o n s wi t h
di s a b i l i t i e s , t h e C A P o f f i c e
id e n t if i e d tw o pr i ma r y a r e a s
f o r  p r o g r a m  d e v e l o p m e n t . T h e
f i r s t w a s to e s t a b l i s h a
m e c h a n i s m fo r d i s s e m i n a t i n g
i n f o r m a t i o n  a n d  e d u c a t i n g  D o D
o r g a n i z a t i o n s r e g a r d i n g
di s a b i l i t y ma n ag e m en t . T h e
s e c o n d wa s t o d e v e l o p an
a c c o m m o d a t i o n  r e q u e s t p r o c e s s
t o e n s u r e th at ap p r o p r i a t e
a d a p t i v e  d e v i c e s  a r e  p r o v i d e d
in  a  t i m e ly  m a nn e r . T h e s e  t w o
i n i t i a t i v e s a r e f u r t h e r

di s c u s s e d  b e l o w .

I n  o r d e r  f o r  D o D  g o a l s  t o  b e
m e t  i t  i s  i m p e r a t i v e  t h a t  D o D
m a n a g e r s , s u p e r v i s o r s ,
Personnel /EEO o fficers, and DoD
e m p l o y e e s b e a w a r e of t h e
i s s u e s o f d i s a b i l i t y
man ag em en t,  t he  e as e wi th  w hi ch
t h e y  c a n  b e  a d d r e s s e d ,  a n d  t h e
a s s i s t a n c e a v a i l a b l e t h r o u g h
th e CA P of fi ce . Th e  C A P  o f fi c e
h a s  i n s t i t u t e d  a n  i n f o r m a t i o n
d i s s e m i n a t i o n pr o gr a m t o
e d u c a t e t h e Do D co m m u n i c a t e .
O u r s t r a t e g y i n c l u d e s
c o n d u c t i n g p r e s e n t a t i o n s ,
pa r t i c i p a t i n g in c o n f e r e n c e s
an d ex h i bi t s , an d c o m p l e t i n g
s i t e v i s i t s to bu i l d an
in f r a s t r u c t u r e  fo r  i n f o r m a t i o n
di s s e m i n a t i o n . T o s u p p o r t
t h e s e ac t i v it i e s , t h e CA P
o f f i c e  d e v e l o p e d  a  v a r i e t y  o f
m a t e r i a l s in c lu d in g di s p l a y
m a t e r i a l s , a vi de o, a f o l d e r
an d fa ct  s he et s,  a  b ro ch ur e an d

le tt e rh e ad .

C o n c u r r e n t  w i t h  t h e  e x e c u t i o n
o f t h e i n f o r m a t i o n
d i s s e m i n a t i o n  p r o g r a m ,  t h e  C A P
of f i c e  e s t a b l i s h e d  t h e  p r o c e s s
for f i l l i n g ac c o m m o d a t i o n
r e q u e s t s . T h i s in c o r p o r a t e s
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the completion of a needs • Continue to provide
a s s e s s m e n t , id e n t if y i n g adaptive equipment
a l t e r n a t i v e s o l u t i o n s , to DoD employees
coordinating with the employee with disabilities.
with a disability to select the
best alternative, procuring the -- The FY 92 goal
accommodation and ensuring is to provide
delivery, installation and 1 2 0 0
training. The CAP office accommodations.
coordinates all accommodation
requests with the requesting • Continue to educate
individual and assigned point the DoD community
of contact to ensure regarding disability
customer satisfaction. In management issues.
addition to providing adaptive
d e v i c e s t o i m p r o v e -- Targeted 40
accessibility to computer pres ent ati ons
applications and capabilities, and workshops
the CAP office supports long for FY 92.
term (over five days) training
w i t h s i g n l a n g u a g e

• S t r e a m l i n e t h e
interpreters. procurement /request

process for adaptive
Results equipment.

In fiscal year 1991, the CAP -- I m  p r o v  e
office participated in 47 timeliness of
events (such as conferences, acc omm od ati on
presentations and exhibits) delivery.
reaching over 7,000 individuals
who are directly impacted by • Coordinate with DoD
DoD disability management managers to ensure
issues. This program has been a c c o m m o d a t i o n
extremely successful in getting requirements are
the word out about CAP. As a incorp orated in
result, CAP has provided nearly system development.
1400 TDDs to offices and
individuals requiring increased -- S e 1 e c  t
communication capability, and representative
932 accommodations for persons systems under
with hearing, vision and DMSSC authority
mobility impairments throughout and conduct
the DoD community. r e v i e w t o

e n s  u r e
Discussion comp ati bil ity

with adaptive
Efforts continue to increase equipment.
awareness of the CAP and the
number of accommodations • Develop and conduct
provided. Future program goals workshops regarding
include: acquisition planning

for accessibility.
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- - M a i  n  s  t  r  e  a  m
a c c e s s i b i l i t y
r e q u i r e m e n t s
w i t h o n  - g o i n g
s y s t e m h a r d w a r e
a n d s o f t w a r e
p r o c u r e m e n t .

S e r v e a s a n
a  c  c  e  s  s i  b  i l i  t  y
r e q u i r e m e n t s a d v i s o r
t o t h e M e d i c a l
F u n c t i o n a l W o r k i n g
G r o u p s , T e c h n i c a l
I n t e g r a t i o n M a n a g e r
a n d T e c h n i c a l
I m p l e m e n t a t i o n
M a n a g e r s o f t h e Do D
C o r p o r a t e
I n f o r m a t i o n
M a n a g e m e n t ( C I M )
i n i t i a t i v e .

- - T h e C I M
i n i t i a t i v e
c e n t r a l i z e s Do D
s y s t e m a n d
c o m m u n i c a t i o n s
d e v e l o p m e n t
a c t i v i t i e s .

- - I n c o r p o r a t e
a c c e s s i b i l i t y
r e q u i r e m e n t s i n
s y s t e m
r e q u i r e m e n t s
d e f i n i t i o n ,
d e s i g n a n d
d e v e l o p m e n t

p r o c e s s .

D i n a h F . B . C o h e n , C . R . C .
P r o g r a m D i r e c t o r
C o m p u t e r  / E l e c t r o n i c

A c c o m m o d a t i o n s P r o g r a m

DMS S C
5 1 0 9 L e e s b u r g P i k e , S u i t e 5 0 2
F a l l s C h u r c h , VA 2 2 0 4 1

RESNA International '92 • June 6-11, 1992 489



P2.5

SEATING THE ACUTE TRAUMATIC BRAIN INJURY CLIENT- A CASE STUDY

J. Piriano, P.T.; E. Cherwak, P.T.; B. Unruh*
A.R.T. Program, Marianjoy Rehabilitation Hospital and Clinics

The Durable Medical Equipment Shoppe, Naperville*

ABSTRACT
Traumatic Brain Injury (TBI)
clients admitted to an in-
patient acute rehabilitation
setting present with a w ide
range of complex seating and
mobility needs that must be
addressed in an ongoing manner.
A service delivery system
established by the Applied
Rehabilitation Technology (ART)
Department to meet the changing
needs of the TBI client is an
essential component of the
rehab team in order to maximize
functional outcome. This case
study will demonstrate the
changing needs of the TBI
client and the service delivery
model established to meet these
needs in a timely manner.

BACKGROUND
In response to M.D. orders to
get the early acute TBI client
out of bed and into a w /c, a
number of clients have been
admitted to our rehabilitation
facility with a definitive w/c
and seating system that has
been funded by a 3rd party
payor. Unfortunately, none of
the systems were designed to
change with the needs of the
client, thus necessitating
negotiation for new seating
systems and mobility devices.
This is not cost effective and
it does not provide ongoing
benefit to the client. Thus,
it is essential that 3rd party
payors and Rehab Technology
Suppliers (RTS) understand the
diagnosis of TBI and the
changing needs of this
diagnostic group.

CASE STUDY -R
R is a 15 year old male who
sustained a Closed Head Injury
secondary to a beating with
pipes and bats by alleged gang
members for his tennis shoes.
He was found unconscious. CT-
scan revealed cerebral edema,

blood in the 4th ventricle, and
hemorrhages near the occipital
lobe. He was intubated, and
had a gastrostomy tube placed.
His course was complicated by
pneumonia, grand mal seizures,
GI bleed, and urinary tract
infections. He was admitted 8
weeks post injury to our acute
rehab center medically stable.

Upon admission R was evaluated
by the rehab team and orders
were received from the M.D. to
get the patient up in a w /c.
He was issued a narrow recliner
w /c, a 16" x 18" Jay cushion,
and a posey belt through the
hospital, and a request was
submitted to the ART department
for evaluation of his seating
needs. R w a s found to be
dependent in head and trunk
control, dependent in mobility,
inconsistent in his responses
to stimuli, and and unable to
follow simple commands.
Following assessment by the ART
department R was seated in an
18" standard recliner w/c (seat
to back angle at 1209) with a
solid 1" drop seat platform,
16" x 18" Jay cushion,
bilateral 1 1/2" hip blocks,
459 angle pelvic stabilizing
belt, 18" Jay back with jumbo
lateral trunk supports,
adjustable height removable

desk armrests, polycarbonite
upper extremity support tray,
medium Otto Bock head /neck rest
with multi -axial hardware
mounted to the Jay back,
elevating legrests, and anti -
tipping devices. He was able
to tolerate this system for up
to 3 hours, attend therapies in
the clin ic, and was
consistently more alert, aware,
and responsive than when in
bed. As his tolerance to
upright increased the seat to
back angle was decreased to
1109 then to 1009 with the
headrest changed accordingly.
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R began demonstrating increased
purposeful activity, and an
inconsistent ability to follow
1 step commands. At this time
he was reassessed by ART along
with a local RTS present. The
RTS provided a 16" Gunnel tilt -
in -space and recline w/c with a
firm back, lateral trunk sup-
ports, a 16 "x 20" Jay cushion
with a solid insert, 459 angle
pelvic stabilizing belt, Otto
Bock head /neck rest, adjustable
height /adjustable angle remov-
able armrests, swingaway foot-
rests with heel loops, and
anti - tipping devices for
assessment. The tilt -in -space
feature of this system allowed
the team to begin to decrease
his seat to back angle while
utilizing gravity to assist and
to maintain head and trunk
control.

R's tracheostomy was plugged
and eventually discontinued.
He began to follow 1 -2 step
commands consistently, and when
he could move his left upper
and lower extremities in an
isolated manner he began to
learn w/c propulsion. His head
and trunk control remained poor
thus he continued to require
external support and the assist

of gravity therefore he was
reassessed for a different
seating and mobility system.
The ART department, along with
the local RTS seated R in a 16"
lightweight recliner w/c with a
1" solid drop seat, 16" x 20"
Jay cushion with bilateral hip
guides, 459 angle pelvic
stabilizing belt, 16" Jay back
with large lateral trunk sup-
ports, medium Otto Bock head/
neck rest, adjustable height,
removable desk armrests, poly -
carbonate full upper extremity
support tray, swingaway foot-
rests with heel loops, and
anti - tipping devices. He
started to propel this chair
with his left lower extremity
with maximal assist. wheel-
chair propulsion created a
d e t e r i o r a t i o n of h i s
positioning thus the anterior
portion of the solid seat was
dropped 2 ", and back pack
positioning straps were placed
on the Jay back. R began to

propel the w/c with standby
assist with his left lower
extremity and was beginning to
use his right as well.

R was then reassessed by the
ART department for a 16"
ultralight wheelchair with no
changes made to his seating
system at this time. The
wheelchair was oriented back in
space 159 as R continued to
present with poor neck and
trunk extension. R tolerated
the w/c and seating well and at
this point it was determined
that it was appropriate to
order R's definitive w /c. R
soon learned to propel the w/c
with both lower extremities,
both upper extremities, or with
all 4 extremities. He was
becoming adept at setting up
the w/c for transfers, and was
making cognitive, oral motor,
fine and gross motor gains as
well. His head control improved
slowly. However, once he
displayed sufficient and
consistent control his headrest
was removed. He began oral
intake of food and liquids
under supervision and soon his
G -tube was discontinued.

R's trunk control continued to
improve slowly, he was no
longer required to be oriented
back in space for oral
feedings, was participating in
his grooming, hygiene, and
feeding skills, and was
beginning to work on paper and
pencil tasks. At this time the
orientation of his chair in
space was changed to 59 in
space. Soon after the lateral
trunk supports were moved away
from close contact, and shortly
after that they were removed
altogether. R became
proficient at w/c propulsion on
level terrain, began propulsion
on unlevel surfaces, was able
to set the wheelchair up for
transfers, performed grooming,
hygiene, dressing, and feeding
at the w/c level. He was
unable to perform his
activities of daily living
without the external support
provided by his w/c as he
displayed severe ataxia in the
trunk and upper extremities
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without the external support. ACKNOWLEDGEMENTS
As trunk control and functional Marianjoy Rehabilitation
mobility improved R's Jay back Hospital and Clinics (MRHC), in
was removed and replaced by a Wheaton, IL. provides a variety
16" Jay Active back. This of levels of rehabilitation to
provided R with lumbar and low inpatient and outpatient
thoracic support without clients of all ages and
interf ering with upper disabilities. The Applied
extremity and upper thoracic Rehabilitation Technology
mobility.

program at MRHC is an inter-

R continues to utilize this w/c
disciplinary team which
provides evaluation and

1 year post injury with the training of various rehab
exception of the polycarbonite technologies.
upper extremity support tray.
His trunk control has improved
to fair /fair +, he is ambulating The DME Shoppe in Naperville,
short distances with moderate IL. is a full service
assist using a cane, and is rehabilitation technology
beginning to perform some of supplier.
his activities of daily living
out of his wheelchair. He
still uses his w/c as his
primary mode of mobility, and
in the performance of the
majority of his daily tasks.

The ability to change R's
seating system and mobility
device was made possible
through the cooperative efforts
of the Rehab team, the Applied
Rehabilitation Technology
Department, the local Rehab
Technology Supplier, and the
Third Party Paying Source. Had
any one of these key members
been inflexible or unwilling to
meet the changing needs of this
Traumatic Brain Injury Client
the clients' maximal functional
outcome may not be achieved as
complications may have arisen
secondary to poor seating and
positioning. Complications
such as musculo- skeletal
deformity, respiratory gastro-
intestinal, or bowel and
bladder compromise would have
significantly affected R's
progress and thus his outcome.

It is imperative that all
parties involved in the
rehabilitation and the seating
and mobility selection for the
acute Traumatic Brain Injury
Client be aware of the changing
needs of this diagnostic group Julie A. Piriano, PT
and strive to meet these needs Applied Rehab. Technology
in an efficient and timely Marianjoy Rehabilitation H &C
manner in order to maximize the Box 795 Roosevelt Rd.
client's functional outcome. Wheaton, IL 60189
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Assistive Technology On Campus (ATOC): Preparation For Meaningful Careers

James A. Lenker
Center for Therapeutic Applications of Technology

University at Buffalo
Buffalo, NY

ABSTRACT

The Assistive Technology on Campus program provides
persons who have disabilities with assessments for
adaptive devices and promotes the provision of
appropriate educational experiences alongside their
non -disabled peers. The program's overall goal is
successful placement in long -term, mainstream career
positions for persons with sensory, physical, or cognitive
disabilit ies.

BACKGROUND

Several articles have been written that summarize
general issues for computing accessibility on college
campuses [2], current efforts to increase accessibility of
computers on college campuses [1], and exemplary
technology support service programs on 16 university and
college campuses [3].

The ATOC program was initiated in August 1990 for the
purpose of investigating a model that would improve
employment opportunities for graduating college
students who have disabilities. The model includes
improvement of service delivery and accessibility at
three colleges representing the three traditional levels
of post - secondary instruction: a four -year research
university, a four -year state college, and a two -year
community college.

Assistive devices and computer -based technologies are
integral to this program because: 1) many students with
disabilities can utilize technology to more fully
participate in an integrated higher education
environment, and 2) more and more positions in our job
sector require computer skills and involve using or
developing new technology.

OBJECTIVES

ATOC's objectives include:

1. Identification and referral of post- secondary students
who have disabilities to appropriate resources for
assistive technology service delivery.

2. Provision of an integrated higher education
experience for students with disabilities that will lead
to a career placement. Specifically this includes:

a. Utilizing the services of a model regional center on
assistive technology to provide students with equipment
and training in the use of that equipment.

b. Working with the computer centers on the three
campuses to make public computer centers accessible to
students with disabilities.

P2.6

c. Collaborating with the campus offices of disabled
student services to provide additional advisement or
guidance needed to support these students in an
integrated higher educational environment.

d. Through a series of campus faculty orientations,
increase faculty understanding and awareness of
reasonable classroom accommodations and assistive
technology.

3. Successful career placement. Specific objectives for
achieving this goal are:

a. Working with college job placement officers from
three campuses and members of an Employers Task Force
on Disabled Persons to provide guidance and support in
the selection of the first career job.

b. Utilizing the services of a model regional center on
assistive technology to provide graduating students who
have disabilities with any special equipment and
training that may be necessary for successful job
placement.

c. Providing employers with technical assistance
needed on job modification and /or worksite
accommodation.

c. Working with State agencies that support
employment of persons with disabilities to provide
funding for equipment and worksite modifications
required for the first career job.

METHODS /APPROACH

Individual student referrals typically originate from
three sources:

1. One of the state vocational rehabilitation agencies.
2. The appropriate office for disabled student services.
3. Self - referral.

In all cases, the appropriate vocational counselor is
contacted and an appointment for service is made. Use of
a regional center for rehabilitation technology services
is invaluable for the device assessment and training
phases.

Networking with the Collegiate Consortium for
Disability Awareness (C.C.D.A.), has helped facilitate
many of ATOC's working relationships. Members of the
C.C.D.A. include representatives from over fifteen area
campuses, as well as the New York State Office for
Vocational and Educational Services for Individuals
with Disabilities and the New York State Office for
the Blind and Visually Handicapped.
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In ad d it io n,  AT OC  has  b ee n an  ac t ive p art ic ip ant in a
lo c al  emp lo yme nt c o ns o r tium that  inc lud es
rep res enta tives  fro m o ver 30 p lac ement agenc ies .

RES ULT S

T he ind ivid ual ac c o mp lis h ment s  o f AT OC to  d ate
reflec t  its  us e and  c o ord ination o f exis t ing res o urc es to
ac hie ve th e b r o ad er  mis s io n o f imp ro v ing the p o s t-
s ec o nd ary e xp erienc e a nd  inc reas ing the p ro b ab ility o f
even tua l e mp lo yment o f c o lleg e s tud e nts  wh o  h ave
d is a b il i t ie s .

Trans itio n into  p o st  - s ec o nd ary ed ucatio n
AT OC is  sp o ns oring a half -d ay co nferenc e fo r the
purp os e of advis ing sp ec ial ed uc ato rs,  res o urc e ro o m
ins truc to rs ,  and  ad minis trators  ab o ut is s ues  fo r s tud ents
who  are trans it io ning fro m high s c ho o l to  o ne o f the
lo c al p o s t- s ec o ndary ins titutio ns . T his  c o nferenc e will
b e taking p lac e in May 1992.  A  "S tud ents /  P arents
Night"  will b e s p o ns o red  in Fall 1992 fo r the p urp o s e o f
ed u c a ting  t ra ns it io n in g s t ud en ts  a nd  th eir fa milies
ab o ut the req uirements  fo r entering p o s t- sec o nd ary
ins tit utio ns  in  th e r egio n. A third  trans itio n - oriented
co nference will b e s p ons o red  in F all 1992 for the p urp o s e
o f ad v is ing s p ec ial ed u c atio n  ins t ruc to r s  and  their
ad min is tra to rs  a b o u t th e p o t en tial ap p lic atio n s  o f
as s is t ive t ec hno lo gy in the c las s ro o m.

As s is t ive tec hno lo g y s erv ic e  d e liv erx
AT OC is  wo rk ing in  c o o p e ratio n  with the Ne w Yo rk
S tate Of fic e o f Vo c atio n al and  E d uc atio n al S ervic es  fo r
In d iv id ua ls  w ith  Dis a b il it ie s ,  th e  Ne w Yo r k S ta t e
Co mmis s io n  f o r th e B lind  an d  Vis ua lly Han d ic ap p e d ,
and  a regio nal c enter fo r as s is t ive tec hno lo gy as s es s ment
an d  tr a inin g . AT O C has  a lre ad y wo r ked  inte ns ive ly
wit h o ver  4 0 ind ivid ua l s tud ent s . The typ e o f as s istanc e
p ro vid ed  h as  inc lud e d  as s es s me nt,  rec o mmend atio n,
ins tallat io n and  tr aining fo r us e o f c o mp uter e q uip ment,
wh ee lc h air s e a ting  a n d  p o s it io nin g, an d  a rc hite c tu ra l
ac cess  iss ues.

Imp ro vement o f c amp us  ac c es s ib ility
AT O C h as  p ro vid ed  as s is t an c e to  the  p a rt ic ip ating
c o mmunity c o llege to  up grad e  its  c o mp uter fac ilit ies  to
inc lud e har d ware and  s o ftware fo r imp ro ving  ac c es s  to
th o s e with  l imit ed  v is io n an d  /o r p h ys ic al  imp airmen ts .
Ins ta llat io n  o f ha rd war e an d  s o f twar e,  as  well as
d ev elo p ment  o f t ra ining ma ter ia ls ,  w ill  b e  c o o r d inat ed
by AT OC in co njunctio n with c omp uter s up p ort  s taff at
the  c o mmu nity c o lleg e. T he  p h ilo s o p hy b eh ind  th is
part ic ular effo rt  is  b eing guid ed  b y the s ugges tio ns  fo r
fac ili t ie s  ac c es s ib ili ty,  s t aff  t rainin g,  an d  e q uip me nt
flexib ili ty s u gges ted  b y Be rlis s  and  Vand erhe id en [2).

T he  Co lle gia te Co n s o r tiu m f o r Dis ab ilit y Awar ene s s
will p r o vid e t heir o p inio ns  o f c amp us  ac c e s s ib ili ty fo r
d eaf  an d  h ard  o f  he aring s tu d en ts . Tec hno lo gic al
devic es  as  s ugges ted  b y S eelman [41will b e c o ns id ered
fo r rec o mmend atio n and  /o r p urc has e.

Five exis t ing p ro grams lis ted  b y Berlis s  [11 are b eing
c o ntac ted  fo r info rmatio n ab o ut the ir exp erienc es  in

ac c ess ib le c o mputing,  as well as  the "Centers  of Energy"
rep o r t  b eing c o mp ile d  b y Califo rnia S ta te Un ivers ity,
No rt hrid ge [ 3].

With in p ut fr o m the lo c al Co lleg iate Co ns o rtium fo r
Dis ab ilit y Awaren es s ,  AT O C is  c o mp iling e d uc atio n
materials  fo r the  p urp o s e o f d eve lo p ing a fac ulty
tra ining  mo d ule tha t  w ill e d uc at e f ac u lt y a b o u t the ir
res p o ns ib ilit ies  fo r ac c o mmo d ating s tud ents  who  have
d is ab il it ies . P re s en tat io ns  will b eg in to  in d iv id u al
d ep artment meetin gs  at  the b eginning o f s c ho o l year
1992.

T rans it io n in to  t he wo rkp lac e
AT OC will b e as s is t ing wit h p res entatio n and
ad vertis ement o f a free,  half -d ay c o nferenc e in Ap ril
1992 for d is ab led  co llege s tud ents  who  are p rep aring to
gra d ua te. To p ic s  inc lud ed  will b e: imp lic atio ns  o f the
ADA,  ap p lic atio ns  o f as s is t ive tec h no lo gy in the
wo rkp lac e,  and  a ro und tab le d is c uss io n o f d isab led
grad uate s  who  will refle c t  o n t heir exp erienc es  in the
wo r kp lac e.

DI S C US S I ON

AT OC's  p ro gram go als  are very amb itio us , b ut s o  far it  is
making s uc ces s ful inroad s  on all is s ues .  F urther
rep o rting and  analys is  o f r es ults  will b e  p ub lis hed  at
the c onclus io n o f Year 3 (Augus t 1993).
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AN ANALYSIS OF  THE ROLE OF INDIVIDUALS WITH DISABILITIES
IN COMPUTER-RELATED PROFESSIONS

Daniel K. Davies, Randy W. Dip ner, and Robert H. Gattis, Jr.

Meeting the Challenge, Inc.
Colorad o Springs, CO

ABSTRACT

The purpose of this study was to investigate the role of
ind ivid uals with dis ab ilities in the computing professions
through a survey of the As soc iatio n for Computing Machinery
(ACM). ACM is one of the largest organizations of
professionals in the computing industry with a total membership
of over 80,000. Surveying this memb ers hip contributes to the
growing bo dy of data to address  the magnitud e o f d isability in
the s c ienc e and  engineering indus try. This  s urvey will help
determine 1) the perc entage o f memb ers who have s ome fo rm
of disab ility, 2) the adequacy of d isability acc ommod ations in
the workp lace, and 3) ACM's need to provide special
accommodatio ns for individuals  with disab ilities. The results of
this  study will help  ACM continue to  pro vide quality service to
all o f its  me mb ers . In ad dit io n, ACM' s p ro active effort  to
understand  the b readth o f dis ab ility amo ng its  members  is
setting the pace for other professional organizations.

BACKGROUND

Recent s urveys on the p revalence o f individuals with physical,
mental, o r emotio nal d is ab ilit ies  in the general United  S tates
pop ulatio n have estimated  that the numb er o f individuals with
some fo rm o f disability is quite signific ant. For example, the
Natio nal Ins titute on Disab ility and Rehab ilitat ion Researc h
(NIDRR) reports that when disab ility is catego rized as a
limitatio n in the ability to  p erform s elected p hysic al functions,
more than 20% o f all non - ins titutionalized people over the age
of 15 have a d is ab ility (1). This  amounts  to  o ver 37 millio n
ind ividuals. Additio nally,  the Americans with Disabilities Act
o f 1 990  (ADA) indic ates that "s ome 43,000,000 Americ ans
hav e o n e o r mo re physical or mental d is ab ilities , and  this
numb er is  increasing as  the po p ulation as a who le is  growing
older"  (2).

The National Science Fo und ation T ask F orc e on Perso ns  with
Dis ab ilities (3) reports th a t  o f t he  5 millio n scientists and
engineers in the U.S. , at  least  2% have disabilities . The Task
Force als o reported that of "experienced" scientists and
engineers (i. e. ind ivid uals who reported a science or
engineering pro fess io n as  o f the 1980 cens us ), the numb er o f
individuals  with d is ab ilit ies  ranges  fro m ro ughly 2% to 16 %.
The metho d in whic h the question of disability is addressed and
the d efinition of d is ability appears to affect the findings. For
examp le, the Task Force noted that the lo wer es timate (2
perc ent) was  obtained when the survey p art icip ants  were as ked
if they had a physical disability, and  if so , to identify the nature
o f the dis ab ility. The upper estimate was obtained when
respondents were asked to indicate the degree o f difficulty they
had  in s eeing,  hearing and  walking and to  what extent tho s e
func tio nal limitatio ns  impac ted  their ed uc ation,  emplo yment,
and career.

A majo r iss ue highlighted  b y the T as k F o rc e is the need fo r
accurate data on the existence of d isab ility. The fo llowing is an
excerpt from the Task Force's report:

P 2 . 7

As federal, state, and local government agency
offic ials begin enforcing the Americ ans with
Dis abilit ies Act (ADA), it will become all too
ap parent that  there are no  c ons is tent d ata available
ab out Americ ans with disabilities  and  no ac cepted
definitio n(s) of key concepts, inc luding that of
"disability." Data mus t b e co llected  abo ut pers ons
with disab ilit ies ' participation in the educational
systems (including degrees earned data), in
emplo yment, and  in a wid e variety of similar areas .
Only after thes e prob lems  have b een ad dres sed will
the magnitud e

...
o f the p ro b lems  that  led  to the

enac tment o f the ADA b ec o me kno wn with any
precision. (p. A -1)

The importance of the ADA

On August 26,  1990 the ADA was  s igned into  law. This  act
represents the mo st far- reaching civil rights legislation since the
Civil Rights Ac t o f 1964. In essence the ac t  s tates  that
organizatio ns  may no t dis c riminate agains t  ind ivid uals with
disab ilit ies. Further it  s tates that they mus t make reas onable
acco mmod atio n fo r individuals with disability.

The primary relevance of the ADA to professio nal organizations
suc h as ACM is  in the area of disab ility acco mmo datio n. The
ADA req uires servic e o rganizations to not discriminate against
ind ivid uals  with d is ab ilit ies  in the s ervic e they p ro vid e and
requires that "reas onab le ac commodation" be made to pro vide
comparable services to these individuals. A first step in
servicing this pop ulation is understanding the numb ers and
types of disability represented in the profes sional membership.

Defining disability

Traditio nally, attempts  to est imate the prevalence o f d is ability
have been difficult. One reas on is  that there is no  universally
accepted definition of dis ability. Without a co mmon
unders tand ing, co mp aring res ults  fro m o ne s urvey to another
has been difficult. The Natio nal Co uncil on Disab ility, in its
1988 report entit led On the T hreshold of Indepen dence, states
that  mo s t surveys  o n dis ab ility have fo c us ed  o n o ne of two
approaches: the health condition approach whic h targets
condit ions or limitations that impair normal functioning in some
way, or the work disability app roach which examines conditions
which limit o r prevent a person from working (4).

An appro ach used  in a s urvey by Louis Harris & Associates (5)
added a third criteria to these two definitio ns of dis ability. This
approach was based on whether or not the ind ivid uals
cons idered  that they bad a disab ility o r whether the individuals
believed that  o thers wo uld co ns ider them to have a d is ab ility.
The National Council on Dis ability prop osed that the appro ach
us ed  in the Harris  s urvey provides a c o nc ep tual mo d el fo r
develo ping more ad equate instruments  fo r s urveying dis ability.
This  mo d el (modified appropriately to apply to the ACM
population) has been employed in this study.
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DISABILITY IN SCIENCE AND ENGINEERING

ME T H O D

An init ial tes t  s urvey was  d evelo p ed  and  mailed  to ACM' s
Mo untain regio n (n =400). The s urvey and p ro c edures  were
revised based upon the test results and further review by experts
from ACM, the National Science Foundation, the National
Co uncil on Disab ility, and other organizatio ns. Following
completio n o f the survey instrument, a rando m s amp le fro m the
entire U.S . membership  was selec ted. A total of 7,977 s urveys
were mailed  o ut to  memb ers  o f ACM in July 1991. Surveys
were mailed o ut as  a 8 1/2" X 14"  d o ub le -s ided s urvey fo rm.
When fold ed , the survey formed a return envelop e with return
addres s and return postage pro vided.

RESULTS

A to tal o f 1,838 s urveys  were returned  b etween Augus t and
Dec emb er 1991 for an overall response rate o f  2 3  %. In
summary, a total of 96 or 5.4% ( +/- 1%; p<.05) of the
resp ondents self -  identified  as  having a d is ab ility (Figure 1).
Self - identification of dis ab ility was cross- validated by

F ig u r e  1: Ind iv id u als  w it h a  D is a b ilit y in
th e ACM Me mb er s hip

94 . 6 %

ElNo  Dis a b ility

■ Disab i l i ty
5.4 %

reviewing responses to the ab ility related questions on the
survey. Respondents were requested to provide basic
demograp hic  info rmatio n in the fast  s ection o f the survey. The
next section addres sed basic  abilities suc h as  use of c omputers,
verbal and writ ten co mmunic atio n,  and  vario us  p hysical tasks.
This section was followed b y an evaluation of workplac e
ac co mmo dations and identification of assistive technology
products in use. Finally, respondents indicated what
accommodations wo uld b e us eful to them for ACM publications
and  c onferences. An overview of the results is pro vid ed in the
following paragraphs. Values represent valid percentages for
all returned s urveys . The demograp hic data represents only the
subset  of respondents with a d isability (n =96). The sections on
wo rkp lac e ac co mmod atio ns ,  as s is t ive technolo gy in use,  and
us eful ac co mmo d atio ns  fo r ACM rep res ent the entire s et  o f
survey respondents (n= 1,838).

Demog ra p hic summary

Demo graphic data were req ues ted fro m all resp o nd ents in the
firs t  p art  o f the survey. The results depicted in F igures  2
through F igure 5 and  T ab le I  rep res ent d emo grap hic s  fo r the
subset  of respondents with a disability.

F ig u r e  2 : G e n d e r
13 Male

7 9 % ■Fe m a l e

E �

2 1 %
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F i g u r e 3 :  A g e
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Fi gur e  4 :  Hi ghe s t  De gr e e
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Figure 5: Employment Status
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Tab le 1: Race / Ethnicity of P o pulatio n

Race/ Ethnic ity %
Asian/ Pacific Islander 3.2
White Hispanic 1.1
Black Hispanic 0
White 94.6
Black 0
Native American/ Alas kan Native 0
Other 1.1
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Ability to perform basic activities

Res po ndents were asked to  indicate the d egree of d iffic ulty in
accomplishing a variety of b asic  activities, with an emphasis on
computer - related tasks. Ratings  were b as ed o n a Liken typ e
sc ale with value labels  indic ating the degree of diffic ulty the
respondent had in performing each activity (see Figure 6). This
information was used to cross - validate the prevalence of
disability for those who ind icated having a disability.

Figure 6: Ab ility Rating Scale

Indicate the degree of difficulty you have In accomplishing the following activities
Degree of Diff iculty

None LOW Some rdreat Unable

Seeing IattanYgraphlcs on a display p O O C7 O

Operating a keyboard p O O O O

Using a telephone C7 0 O O O

Accommodation s in the workplace

Res po ndents were asked  to identify the facility mod ific ations/
acc ommo dations availab le at their offic e or s choo l. For each
item, respondents rated whether, in their o wn o p inio n, the
acc ommodatio ns were adequate or not. Additio nally,
resp ondents  had  the op tion to  ind icate if the acc ommod atio n
was unavailable or unknown. Table 2 summarizes the
responses to this section.

Table 2: F ac ility Mod ific atio ns /  Acc ommo dations

Ac co mmo datio n % A % I % U % ?

Building Acc ess 77.3 11.5 7.2 4.0
Fac ility Entry 47.1 30.0 17.3 5.6
Bathroom Adaptation 63.7 18.8 12.7 4.8
Braille S igns 43.6 11.5 27.5 17A
Elevators 69.2 8.5 8.7 4.4
Pub lic T DD 7.8 7.7 33.3 51.2

A = Adequate I = Inadequate
U =  Unavailable ? = Unknown

Assist ive devices in use at work or school

Res po ndents were asked to  id entify what ass is tive tec hnolo gy
devic es  are in us e at  their o ffic e o r s c ho o l and  whether the
device was individ ually owned or emp loyer pro vid ed. Table 3
provides a summary of the responses to this question.

Tab le 3: As sis tive Tec hnolo gy Devic es in Use

Assist ive Device % E % I % N % ?
Wheelc hairs / mob ility 5.7 32.1 33.1 28.9
Telephone adaptations 14.4 4.0 31.6 49.9
Adapted keyboard 8.6 2.3 43.1 45.9
Voice input tec hnology 4.9 1.5 50.1 43.4
Synthesized speech 7.3 2.4 48.0 42.3
Text scanners 7.9 1.7 44.5 45.9
Other

E = Emp loyer p rovided I = Individually owned
N =  No ne available ?=  Unkno wn

Accommodations u seful  for litera ture and conferences

All res po nd ents  were as ked to  indicate what ac co mmod atio ns
wo uld  b e useful to  them fo r ACM literature/ co rres po nd enc e
and  c onferenc es/  meetings. Pleas e no te that  all res p ond ents
were asked this question, not just  thos e indicating a d isability.
Table 4 provides the results.

Table 4: Acc ommod ations Useful to ACM Memb ers

Useful for ACM literature/  co rres p ond enc e
%

Braille copy 1.5
Audio tapes 7.1
Elec tronic media 27.0
Other 2.3
Us eful at ACM co nferenc es  and  meetings

%

Facility access 4.1
Bathroom adaptation 2.7
Subtitled closed caption TV 3.4
Sign language interpreter 1.5
Teleco mmunicatio n Device fo r the Deaf 1.2
Other 1.6

S UMMARY

The res ults  o f this  s urvey provide further ins ight into the ro le
that ind ividuals with dis abilit ies play in the scientific and
engineering c ommunities . Ad ditio nally, this repo rt pro vides
some insight into the typ es of acco mmo dations  available in the
workplace and the perceived adeq uacy of those
accommod ations. Computer technology offers exciting
potential fo r aiding individuals with disabilit ies and narro wing
the gap between inability and indep endence. Computing
profess ionals  can p lay an important ro le in the development of
high tec hnology solutio ns to enable ind ivid uals with d isab ilit ies
to reach their highest level of pers onal independence and
professional accomplishment.
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P2.8
P UBLIC SP ENDING ON AS S IS TIVE DEVICES IN DIFF ERENT COUNTRIES

GunnarFagerb erg
INROADS, London, Ontario

AB S T RAC T

The paper relates data on the public spending on assistive
technolo gy in different countries. A comparison is made
between Ontario and Sweden.

BAC KG RO UN D
A few attempts have been mad e to comp ile information on
service delivery systems for assistive devices from different
countries and  regions of the world (1,2). Financial
information has sometimes been included in the data
presented. However, comparisons are difficult to make
because terminology, definit ions, environment, culture,
political systems and socio- economic factors vary
significantly between the entit ies studied.

At recent workshops organised by United Nations Economic
and Soc ial Co uncil,  Econo mic Commissio n for Europe
(UN -ECE), information on service delivery programs was
presented by representatives from different countries.

OBJ ECTIVE.

Many countries in the industrialised world have established
public funding programs fo r assistive technology. In some
countries, public funding acc ounts for almost 100% of the
total spending on assistive devices. In others, other sources,
such as private insurance, consumers own purchases and
charity o rganisations, cover a sub stantial portion. Public
funding is frequently provided from several sources on
natio nal, regio nal (provincial) and municipal levels.

Given these differences, the information reported at the UN-
ECE workshops of spending, public and other, on assistive

technology can give a rough indication of the size of the
market and the level of use of assistive devices in
rehabilitation of perso ns with dis abilities in different
countries.

METHOD AND RESULTS

For this compilation, the data presented at the two
workshops arranged by UN -ECE, complemented with some
data from other sources, were used, The total spending
figures reported were divided by the population of the
respective countries. Thus, the resulting number indicates
the amo unt per inhabitant spent on ass istive technology.

Year Country Population Annual Spend ing/

(millions) spending inhab.
(mill US$) (US $)

1990 Denmark 8.4 302 60
1988 Finland 5.0 61 12
1991 Hungary 10 51 5
1989 Japan 122 74 0.6
1988 Norway 4.2 218 52
1990 Ontario 9 72 8
1990 Slovenia 2 10 5
1989 Sweden 8.4 591 70

It is obvious that a straight comparison can not be made
based o n thes e figures. The following c omments will
illus trate why,

Denmark: '"There is no statistical material of the total use
of technical aids, but this figure is the closest guess we can
come up with." (3)
Finland: Schools and insurance companies are not included.
(4)
Hungary: On average, 90% of the cost is covered by the
government. (5)
Japan: Figures from two out of ten different programs.
Japan reports that persons with disabilities make up 2% of
the population, significantly lower than other industrialized
countries. (6)
Norway: Includes "cars & special appliances" and
"appliances for special care ". (7)
Ontario: The program covers 75% of the cost of the device.
Some device categories are funded only for persons under 27
years of age. (8)
Slovenia: I % of total health spending is estimated to go
towards assistive devices. (9)
Sweden: Includes home adaptations, car subsidies, "cost -free
supplies ", worksite adaptations and TDD's. (10)

In order to make any comparison between countries, it is
necessary to study much more in depth what is included in
the reported figures and limit the comparison to those
categories of devices that are compatible statistically.

Such data are available for Sweden and the province of
Ontario, Canada (8,10). The two  are also similar in many
respects such as population (8 -9 million), climate, lifestyle,
health factors and national health insurance.

In Sweden, a system of total coverage of costs for assistive
devices was introduced in 1968- The devices are provided
through the health system and are paid for by the county
councils, who in turn receive about 50% coverage from the
natio nal government.
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Public Spending on Assistive Devices

In Ontario, the Assistive Devices Program was established
in 1982, originally to provide assistive devices for children
(up to 19 years of age). Since then, the program has
expanded to cover many categories of devices for all age
groups. The program pays for 75% of the cost of prescribed
equipment, while the c lient  pays  25%. Sometimes, the
client portion can be covered by insurance or voluntary

organizations.

The two programs have similarities and differences. Both
are based on a system of authorized prescribers and lists of
approved equipment. Some device categories are more
strictly regulated than others.

Why is it then, that the Swedish program cost the equivalent
of CAN$ 440 million (not including home and wo rksite
adaptations or car subsidies) and the Ontario program only
CAN$ 84 million (same exclusions), even if the latter only

covered 75 % ofthe total cost? What did persons with
disabilities in Sweden receive that Ontarians did not?

First, let's look at some of the more glaring differences. In
Sweden, no less than $159 million covered so called "cost -
free supplies" which is supplies for incontinence, ostomy
and diabetes. The total for incontinence and ostomy in
Ontario (diabetes supplies are not covered) is only $9
million. The main reaso n for this discrepancy is that in
Ontario, incontinence supplies are only covered for persons
born 1963 and later, while the vast majority of Swedish
clients in this category are elderly.

Another area of difference is orthotics, where Ontario reports
a cost of $3.5 million and Sweden $54 million. However,
about half of the Swedish figure represents orthopedic
footwear and the other half includes orthoses for athletic
injuries, prophylactic purposes and fracture treatment More
difficult to explain is the gap in spending on prosthetics
(Swed en $29 millio n, Ontario $ 9 million), visual aids
(Sweden $12 million, Ontario  0.6) and mobility /seating
(Swed en $27 millio n, Ontario $3.6 million). The Swedish
program also covers some categories that the Ontario
program does not: ADL devices, environmental controls,
signalling and listening devices and some devices for therapy
and training. By tradition, the Swedish program also
includes pacemakers and sign language interpreters.

On the other hand, the Ontario program covers respiratory
equipment and supplies to a much larger extent than does the

Swedish program.

Finally, there are two categories where the reported spending
is very similar. For hearing aids, Sweden spends $30
million and  Ontario $21 million. Considering that Ontario

covers 75%, the total amount spent is almost identical. The
same is nearly we for wheelchairs, where the Swedish
figure is $44 million and the Ontario program spends $28

millio n.

It is also interesting to note that the growth of the Ontario
ADP program has been very rapid between its start in 1982
and 1990 (an annual increase by 70 %), very similar to the
development of the Swedish program over its first ten years.
After that period, the growth rate in Sweden has decreased,
but is  s till higher than the inflation.  From 1982 to  11988,
the Swedish costs increased on average 13% per year (11).
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P2.9

Tra ini nq Experi ences fo r Rehabi li ta t i on E ng ineeri nq  S tudents

Thomas L. Grey
Assistive Device Center, CSU Sacramento

Abst ract

This paper descr ibes the des ign and
Im p l em e nt a t i o n o f fo rma l t r a i n i n g
experi ences fo r rehab i l i ta t i on eng i neer i ng
s tudents in assist ive techno logy serv ice
de l i ve ry . The design, s t ruc t ur e and
ef fect iveness o f  t he  experi ences to  date are
discussed. Imp licati ons fo r servi ce
de l i ve ry  o rgani za t i o ns tha t  a re  co ns i der i ng
the pro vi si on o f simi lar experiences fo r
rehab i l i ta t io n eng ineeri ng s tudents are
presented. These acti vi t ies may also he lp
to more clear ly def ine the ro le o f an
eng i neer in assis t ive techno logy serv ice
de l i ve ry .

Background

A f o rma l t rai ni ng program fo r  rehab i l i ta t io n
eng i neers is now in i ts second year o f
deve lopment and implementation. Students
par t i c i pa te in fo rmal co ursewo rk lead ing to
a M a s t e r ' s de gr ee i n Bi o med ica l
E ng i ne er i ng wi th a cer t i f i ca te i n
R e ha b i l i t a t i o n E ng i ne e r i ng . T h i s
co ursework is supplemented with addit ional
experi ences - students spend abo ut 10 -15
ho urs per week on these - In the  areas o f
rehab i l i t a t i o n research (two semesters),
ass ist ive techno logy servi ce de li very (two
semesters), and fo rmal i nte rnshi p (under
an eng i neer ' s  superv i s i o n) with a company
o r o rgani za ti on invo lved with assist ive or
rehab i l i t a t io n techno lo gy  (summer  o r wi nte r
Intersessi on). This paper is discusses
t ra i ni ng experi ences tha t the students
rece ive in assist ive techno logy servi ce
de l i ve ry at a servi ce de li very cente r
af f i l iated wi th t he  t ra i ni ng  p ro gram.

Des i gn and  S t ruc ture

The goal o f the t ra i ni ng act iv i t i es a t the
servi ce  cente r  was  to  pro v ide  each s tudent
with the exper ience  necessary t o  become an
ef f ec ti ve  member  o f  an ass is t ive techno lo gy
servi ce de l i ve ry team af te r graduat io n.
The program facult y and servi ce cente r
staf f dete rmi ned tha t thi s experience
sho uld i nc lude  t ra i ni ng  and prac t i ce  In t he
areas o f assis t ive techno logy (wo rki ng
knowledge o f devices), assessment, repo r t
wr i t i ng , f und i ng , implementation (o rder i ng ,

setup, de l ive ry ) , t ra i ni ng and fo llow -up.
This would be accomplished dur i ng two
ro tat ions thro ugh the serv ice center
dur i ng di f f erent semesters in o rder to
accommodate the variety o f t ra i ni ng and
prac tice act iv i t i es and the limited amount
of time the students are scheduled to
par tic ipa te (10 -15 hours /week). All
act iv i t i es are carr ied out under the
supervi si on o f  one o f  t he serv ice cente r' s
two  eng ineers.

Dur i ng the f i r s t ro tation, the students
lea rn abo ut the assessment process by
readi ng spec i f i c  li t era ture , o bservi ng  c l ient
assessments, and par ti c ipa ti ng in team
meetings. The students intervi ew each
member  o f  t he  servi ce  center  s ta f f  (S peech
Patho lo gi s ts , Occupa t io na l T herap i s t s ,
Engi neers, Fund i ng Specialist, Clerical
Suppo rt ) to unders tand tha t person's
perspec ti ve  and ro le  regard i ng  the  se rv i ce
de li ve ry process. Formal t ra i ni ng modules
on seating and mobi l i ty, augmenta tive and
alterna ti ve communication, and system
mounti ng are completed to prov ide a
wo rking knowledge o f devices. Students
par t i ci pa te i n the order i ng and setup
process fo r funded cl i ent systems. Direct
cl i ent interac ti on is introduced by hav ing
students assist the team dur i ng deliveries
and tra i ni ng . Beg inni ng thi s  sp r i ng , f i r s t
ro tation students wi ll also  engage i n more
fo rma l fo l lo w -up ac t i v i t i e s (p ho ne
inte rvi ews wi th c li ents , formal presentat ion
o f information /recommendations to the
cl ient 's team) and will complete a small
technical pro jec t fo r the serv ice center 's
inte rna l use. These  act ivi t i es  a re intended
to pro vi de the students with enough
background to take f ul l advantage o f a
fo rma l i nte rnship  a t a  d i f f e rent s i t e .

The second ro tation students take
inc reasi ng respons ibi li t ies fo r clients.
They begin by rev iewi ng the assessment
process, s i t t i ng i n d ur i ng c l i ent
assessments, part i ci pa t ing in repo r t
research and wr i t ing , and assis t ing with
equipment deli ver ies and tra i ni ng . The
s t ud en ts gra dua l ly assume grea te r
responsi b i l i t ies f ro m the team engineer fo r
assessments and deli veri es. Toward the
end of the ro tat ion, the students assume
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ful l responsib i li ty fo r a ful l cl i ent
assessment (and de li very i f possible) with
the  se rv ice  center  t eam eng i neer  pro v id i ng
a suppo r ti ve ro le. This process is
Intended to prov ide second ro tation
s t u d e n t s w i t h e x p e r i e n c e s a nd
responsi bi li t ies tha t wi ll increase the i r
competence and conf idence.

Conclusions

I t is no t ye t  po ss i b le  t o  f ul ly measure the
ef fectiveness of thi s approach to tra i ni ng
experiences fo r rehabi li t at i on engi neer ing
students . This is because the f i rs t
students to  ent e r  t he program have ye t  t o
gradua te, let alone obtain a position as a
rehabi li t at i on eng ineer. The "real world"
usef ulness of thi s t ra i ni ng is the best
measure o f Its ef fectiveness. The
sub jec t i ve  o p i ni o n o f  t he  autho r  i s  t ha t  t he
students could benef i t from more di rec t
supervi si on than has been possible to
date. Also, di rec t cl i ent inte ract ion has
been sporadic due in par t to the serv ice
cente r' s service de li very s t r uc t ure and in
par t to  dec reased f und i ng levels. Student
evalua tions have identi f ied bet ter planni ng
fo r s tudent experiences and increased
contact with an engi neer as areas o f
concern, but have o therwise rated the
experi ence  as usef ul and enli ghteni ng .

The provision of t ra i ni ng experiences to
rehabi li t at i on engi neer ing s tudents has
proven to  be qui te  cha lleng i ng . Experience
is indi ca ti ng tha t supervi si on of a single
s tudent in the f i rs t ro tation working 10
hours requi res  a t least 2 ho urs per week.
A second ro tation s tudent working 10
ho urs per week also requi res at least 1
ho ur o f di rec t supervi si on with 1 -3
addit ional hours fo r suppo r t (e. g.,
pro vi d ing directi on, discussion of ideas,
etc.). An a ttempt has been made to  spread
thi s superv isi on among team members, but
s tudent feedback indicates tha t the
students f i nd di rec t inte ract ion with
ano ther eng ineer most he lp ful because
o ther team members typi ca lly canno t
prov ide enough technical assistance and
input .

Organizations inte res ted in pro vi d ing
students with simi lar experiences must be
wil li ng to let t he i r staf f eng ineer(s) have
the time needed to ef fectively supervi se
the  s tudent and act  as mento r, pe rhaps a t

the expense o f  o ther activi t ies. Advanced
planni ng is needed in order to seamlessly
i ntegra te  the  s tudent  i nto  t he  o rgani za t i o n
and o ut o f the organi zation when the
t ra i ni ng exper ience has ended (e. g.,
co mp le t ing a p ro ject  be fo re  leav ing is  ve ry
impo rtant). I n o rder to be ef fective, the
anti cipa ted t ra i ni ng experiences must be
able to prov ide problem identi f i cati on,
analysis and so lution design as well as
wr i t i ng experiences and oppo rtunit ies to
di rec tly inte rac t with clients /customers.
These la t te r experiences help develop the
engi neer ing student ' s communication ski l ls
- something tha t  eng i neers  a re no to ri ously
no ted  fo r  no t hav i ng .

The benef i ts can be great. The planni ng
needed to  wo rk with a s tudent  o f t en leads
to introspect ion wi thin the organizat ion,
which may identi f y areas tha t can be
improved (perhaps by hav ing the s tudent
accomplish cer ta in improvement tasks).
The organi zation can bene f i t from havi ng
addit ional engi neer ing expert ise to assist
in cl i ent system design and de li ve ry (no t
to mention someone who may be able to
tackle some of those back - burner
pro jec ts! ). Moreover, the part ic ipat ing
engi neer can bene f i t si gni f icantly from
students ' questions, which o f ten cha llenge
the way tha t the eng ineer approaches
problems and designs so lutions. This can
prov ide f resh i ns i ght and be tter , more
cost - ef f ective so lutions. In t he  l o ng run -
and most of all - these experiences can
improve the provi sion and outcome of
serv ices  by  maki ng  the  prac t ic i ng eng ineer
be t te r  a t her /hi s craf t and the entry -level
eng ineer more competent in her /his f i r s t
posi tion.

Thomas L. Grey, M.S.
Assist ive Device Center
Rehab.  Engi neering Tra ini ng  Program
School of Engi neer ing and Computer
Science
Cali f o rnia  State Uni versi ty, S acramento
6000 J Street
Sacramento, CA 95819
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P2.10
Educating the Case Manager: An Essential Component to Rehab.

Technology Service Delivery

C. Sargent, R.E.; E. Cherwak, P.T.; J. Piriano, P.T.; R. Brooks*
A.R.T. Program, Marianjoy Rehabilitation Hospital & Clinics

The Durable Equipment Shoppe, Naperville*

Abstract:

The Applied Rehab. Technology
(A.R.T.) program and a local rehab.
technology supplier (RTS) provided
half day workshop to a professional
organization of case managers. The
purpose was to increase the
understanding of rehab. technology
equipment, e.g. its applications,
and its relevance to the rehab.
process. The goal was to educate
case management representatives of
rehab. technology's value to their
client and cost containment efforts.

Background:

In the ongoing effort to contain the
costs of medical care, many
commercial insurers have begun to
utilize case managers to allocate
resources for the costs incurred by
their clients. In the case of
rehabilitative health care, costs
for rehabilitation technology
equipment must be considered as
well, often during the inpatient
phase of treatment.

The procedure of the A.R.T. program
is to evaluate a patient (client)
for his /her equipment needs and
whenever feasible, to fit him /her
with the type of equipment which is
recommended for trial use, training
and assessment. Following
establishment of the definitive
equipment needs, contact is made
with the case manager to communicate
the client's individual equipment
needs, identify the client's
coverage and determine if preferred
providers are to be used. The
primary rehab. technology specialist
from the A.R.T. program prepares a
comprehensive letter of medical
necessity justifying the recommended
equipment, and obtains the primary
physician's signature. A copy of
this letter is often mailed or faxed
to the case manager for review. In
some instances the case manager will
pursue price quotes prior to
identification of an RTS, and
authorization of the equipment
order.

A common occurrence in the process
of obtaining a patient's equipment
has been the need to verbally
explain the recommended equipment
item by item, despite the lengthy
written justifications (and
occasionally photos) which are
incorporated into the letter of
medical necessity. Additionally,
the costs of the more complex
systems and the potential for
substitution are questioned, and
occasionally are denied in the first
round. A.R.T. program staff, and
the RTS's with whom they work have
had such interactions with case
managers repeatedly. As appropriate
equipment can be integral to
successful rehabilitation, and be
beneficial to overall cost
containment, it is essential to
educate the case manager.

Method:

The sales manager of a local RTS
initiated plans for education and
training of case managers in the
Illinois Case Management Network,
following identification and
discussion of the need by all
parties.

The educational workshop was
scheduled for a half day to include
three sessions. one session
addressed seating and positioning
techniques, and the types of
intervention (or maintenance)
strategies which could be utilized.
A second session focused on power
mobility devices, including
scooters, and considerations for
selection. The third session
provided an overview on home access
options. Slides were used to
present three actual case studies of
seating system interventions used
to: prevent, correct and accommodate
physical deformity. Approximately
25 case managers attended.
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The presentations were made by teams
composed of members of the A.R.T.
program and RTS staff and included
functional, clinical and product -
specific information. All
presenters communicated a common
objective: clarification of
rehabilitation technology
applications. Emphasis was placed
on the potential for properly fitted
equipment to facilitate independence
and enhance health maintenance. For
example, specific products with
pressure - relieving properties were
reviewed.

The workshop was held at the RTS
site, a facility with significant
product and parts inventory and
maintenance support staff. The
significance of this environment was
perhaps its parallel to the auto
garage, a facility familiar to most
as essential to the reliability and
longevity of vehicles. This
environment challenged the myth that
a "wheelchair is a wheelchair, isn't
it ? ". It also presented the
opportunity for the case managers to
try different devices and ask
specific questions related to
product features, maintenance and
cost.

Conclusions:

Case managers in attendance
indicated that the workshop provided
information applicable to their task
of allocating resources, and for
supporting their approval decisions
to the insurance companies they
represent. Increased understanding
of the roles of clinical rehab.
technology specialists and RTS's was
expressed.

Future Plans:

Education of case management
representatives is vital to
developing an understanding of
rehab. technology equipment, its
applications and its successful
acquisition for the consumer. The
A.R.T. program staff plans to pursue
opportunities for joint workshops.
Case managers will also be invited
to visit inpatients so that
recommended equipment can be
demonstrated, and features described

by clinician and consumer. Video
taped demonstrations are under
consideration as a means to reach
case managers outside the local
region.
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Computers in the Management of Assistive Technology Service Delivery
A Call for Standardization of Data Presentation from Assistive Technology

Manufacturers and Providers.

Nigel Shapcott, James A. Lenker & Margaret Strassheim
Center for Therapeutic Applications of Technology

University at Buffalo, Buffalo, NY

ABSTRACT

An argument is presented for the
development of defined processes,
terminology and definitions in the delivery
of Assistive Technology, along with
standardized display, or standardized
ASCII availability of catalogue data in
order to automate data collection of
devices.

BACKGROUND

Modern businesses in Europe, North
America and many other countries, rely on
computers to expedite marketing /sales,
purchasing, accounting, and inventory
functions. Computers are ideal for
repetitive, predictable tasks and enable
huge amounts of information to be
efficiently managed.
The primary goal of an effective automated
system is its built -in capacity to adapt
universal business functions to specific
products and services. Analytical
processes that can identify and streamline
service delivery will impact cost
containment, personnel, and equipment
performance.

OBJECTIVE

Assistive Tedhnology intervention is often
assumed to involve "unique solutions ".
Providing "unique solutions" to "unique
problems" is often assumed to preclude
the use of a computer designed for
repetitive, predictable tasks. Our objective
has been to systematically analyze the
components involved in Assistive
Technology service delivery and
computerize this process to assist in the
delivery of these services? In doing so we
have identified ares of policy (information
presentation) which need to be improved.

METHOD

initially examined the process generated
by a client upon entering a service delivery
system prior to being presented with their
intervention. The components of the
process followed a logical sequence,
providing a foundation toward developing
a comprehensive relational data base.
With definition of the process comes
consistency and with consistency comes
the ability to:

- streamline client intake procedures
and provide a uniform basis for equipment
and service determinations.

- accurately predict the equipment,
labor, administrative & assessment costs.

- enable timely and concise
communication with third parry payors and
governmental / community funding sources

- increase productivity by decreasing
client processing time

- quantify operational and fiscal
reporting

- examine and improve services and
procedures

- effective data collection for program
review and research purposes

Our system utilizes a computerized
relational data base to integrate client
service from inception to delivery. A format
of data collection was identified following
standard procedures that is reflected on
the data base.

Demographics- General information such
as; name, address, date of birth, age, sex,
diagnosis, and service requested.

Evaluation-Determination of appropriate
form of service delivery.

Scheduling-Date, time, and personnel
initiating service.

Reports- Individual or team approach to
problem solving.

As providers of Assistive Technology in Prescription- Intervention and cost
Seating, Positioning, and Mobility we required to address client's needs.
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Funding-Prior approval requests in
specified funding source formats.

Purchasing-Manufacturer, cost, size, and
amounts.

Service Delivery- Client /staff
coordination, fitting time, client
confirmation, and ongoing maintenance.

Invoicing-Cost summary and accounts
payable /receivable.

Case Management-Provides detailed
report to reflect service -to -date.

Fitting timelcost- manufacturer etc.
approximately 2500 records.

Organization of data
Seating support surfaces and components
are grouped by their function and indexed
by description, the simplistic group codes
used, follow:

A Armrest and tray
B Back, lateral and thoracic supports
C Control, switches, joysticks
E Evaluation procedures
F Foot, lower leg supports
H Head supports
I Interfaces
M Total contact supports, eg Matrix
O Other systems
R Seat belts, straps, "Restraints"
S Seats, cushions
W Wheeled base

Once a component of the system to be
prescribed has been identified, a local # is all
that is required to list that item with as much
information as is required for the Prescription or
ordering information. See Figures 1. 2 &3. This
enables completely consistent data handling
with no fudging.

RESULTS

important to identify causal variables effecting
service delivery that may be attributed to one or
all of the following factors; equipment delivery,
prior approvals, or personnel availability).

Because third parry payers are not familiar with
the wide range of equipment prescribed, we
are contemplating including a descriptive
narrative of the item with the additional option of
a line drawing. This would enable a description
sheet to be automatically generated.

DISCUSSION

This system depends upon a current and
accurate data base of information for
equipment. Presently this information has to be
entered by keyboard, which is time consuming,
costly and often inaccurate. Information
provided by manufacturers is tantalizingly close
to some form of automated entry, either by
optical scanning or by direct input of ASCII files.
Automation of this process would ensure
accuracy and further enhance the system.

With the evolution of computer systems to
expedite Assistive Technology service delivery,
the lack of terminology, definitions, illustrations,
and equipment standardization becomes
increasingly apparent. The impact created by
this void deters product comparison and
challenges researchers attempting to develop
or improve equipment. The term "reinventing
the wheel' finds definition in clinics throughout
our country.

The increase in clients being serviced with
technological advances has produced a need
for a new "model' upon which to pattern our
clinics. The blending of professions and
disciplines necessitates new standards of
research, education, service, equipment, and
review. We draw on the knowledge, skills, and
abilities of medicine, engineering, and
business; in each of these disciplines standards
and practices have long been established.

CONCLUSIONS

This system automates time consuming aspects 1. There is a need to broaden the ongoing work
of the prescription process and encourages on terminology, to include clear definitions and
accurate recording mechanisms (which is vitally pictorial information, where appropriate. This
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s h o u l d  n o t  b e  u s e d  t o  l i m i t  t h e  d e v e l o p m e n t of
e q u i p m e n t  o r  t h e  i m p r o v e m e n t  o f  t e c h n i q u e s .

2. Th e  a b i l i t y  t o  c o m p a r e  i n f o r m a t i o n  r e a d i l y  i s

o f  v i t a l  i m p o r t a n c e  i n  t h e  p r e s c r i p t i o n  p r o c e s s .

T h e r e  i s  a  n e e d  t o  e s t a b l i s h  s t a n d a r d s  f o r  l i s t i n g

of i n f o r m a t i o n  i n  c a t a l o g u e s  i n  o r d e r  t h a t

i n f o r m a t i o n  m a n u f a c t u r e r s  i n f o r m a t i o n  c a n  b e

e n t e r e d  a u t o m a t i c a l l y .

3. I t  i s  p o s s i b l e  t o  d e v e l o p  a  r e l a t i o n a l  d a t a b a s e

th a t  e f f e c t i v e l y  d e f i n e s  t h e  s e r v i c e  d e l i v e r y

p r o c e s s .

n e e d s  o f  b o th  c l i e n t  a n d  p r o v i d e r ,  a n d  m u s t ,  b y

d e s i g n ,  n o t  b e  l i m i t e d  b y  s t a n d a r d i z a t i o n . T h e

" u n i q u e  s o l u t i o n s "  t o  " u n i q u e  p r o b l e m s "  c a n

o n l y  b e n e f i t  a n d  g r o w  w i t h  e s t a b l i s h e d

g u i d e l i n e s .
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Fig. 1 Prescription and Cost Itemization
Code Item Description Slze

# Cost/each Cost
187 Memphis Back kit adult $793.00 $793.00

1167 Thoracic bracket large 11" 2 $9. 80 $19.60
317 Thoracic pad large 2 $67.10 $134.20
437 Bead In Box Seat 20w x19L $117 6.25 $1176.25

1425 Black Vinyl 30" x 36" $16.80 $16.80
233 Seatbelt 1 -1/2" wide, push button release $45 .50 $45.50
438 Roho Insert 6x10 $401 .00 $401.00

1950 Head /Neck Support Fixure single axis offset $59.65 $59.65
359 Headrest 3 $126.25 $126.25

Fig. 2 MediCaid Prescription and Cost Itemization
Code Item Description

187 Memphis Back kit
Price Labor Time

# Cost/each Cost
1167 Thoracic bracket

30&00 48500 12.25 $793 .00 $793.00

317 Thoracic pad
9.80 0.00 0.00 2 $9.80 $19 .60

437 Bead In Box Seat
19.60 47.50 1.00 2 $67 .10 $134.20

1425 Black Vinyl
490.00 686.25 18.00 $1 176.25 $1 176.25

233 Seatbelt
16.80 0.00 0.00 $16 .80 $16.80

438 Roho Insert
28.00 17.50 0.50 $45.50 $45.50

1950 Head /Neck Support Fixure
266,00 135.00 3.50 $401.00 $401 .00

359 Headrest
59.65 0.00 O.OD $59 .65 $59.65
70.00 5625 1.25 $126.25 $126.25

Fig. 3 P u r c h a s e  O r d e r  f o r m  f o r RTS c l i e n t  w i t h  p r i o r  a p p r o v a l

UB code# Description of Item Size Quantity Price/each Man. code
#

Manufacturer

187 Memphis Back kit adult 220.00 Memk -ad UTREP

1167 Thoracic bracket large 11" 2 7.00 Thor -lar UrREP

317 Thoracic pad large 2 14.00 Thor -pal UTREP

437 Bead In Box Seat 20w x19L 350.00 UB RTS

1425 Black Vinyl 30 "x36' CLOG Pin Dot Products

233 Seatbelt 1 -112"wide. S131 Pyramid Rehabilitation

438 Roho Insert 6x10 190.00 special 6x10 Roho Inc

1950 Head /Neck Support Fixure single axis 42.61 4301̀ 2 Otto Block Orthopeic

359 Headrest 3 50.00 4301-11=3 Otto Block Orthopelc

506 RESNA International  '92 • June 6 -11, 1992



COMMUNICATIONS AND CONTROL ELECTRONICS FOR THE DISABLED

Charles S. Eubank, Haniph A. Latchman
Department of Electrical Engineering

University of Florida
Gainesville, FL

ABSTRACT

An overview is presented of the many commu-
nications and control products available to
the disabled. This area has seen rapid
growth since the introduction of the inte-
grated- circuit and the microprocessor,
offering the handicapped user a level of
independence thought unreachable only
twenty years ago. A brief comparison is
made of today's products with those offered
prior to the introduction of the micropro-
cessor. Such a comparison clearly shows how
advances in electronics have stimulated the
design of many new and exciting products.
Some of the most recent and innovative
product developments are discussed.

INTRODUCTION

A vast number of products have been created
to assist the disabled, and the needs for
these have never been greater. The number
of handicapped individuals in the United
States alone totals over 32.5 million
people, accounting for 14% of the US popu-
lation. The most prevalent disabilities
are orthopedic impairments, arthritis, and
heart disease, each accounting for over 11%
of all handicaps. Visual impairments,
intervertebral disk disorders, nervous
disorders (including epilepsy and Parkin-
son's disease), as well as mental and hear-
ing disorders each account for less than 5%
of all disabilities. The total number of
disabled persons has increased markedly
over the past several decades, as has the
number of assistive products since the
introduction of the electronic integrated -
circuit and the microprocessor. volumes of
catalogs have been published listing most
commercially available items, and it would
be impossible here to discuss more than an
overview of the subject. However, many
products are of similar function, and the
intent of this paper is to present selected
useful and innovative designs. Because the
majority of these have been created for a
specific handicap, it will be convenient to
group and discuss related products under
the disability they serve.

A LOOK BACK

Prior to the introduction of the micropro-
cessor in 1971, most electronic devices for
the handicapped were actually more electri-
cal by design, usually consisting of sever-
al switches and electromechanical actuators
to provide control over such things as
electrical appliances, wheelchairs, room
lights, and telephones. Early systems
mainly focused on the needs of the mobility
impaired, not only because the electrical
devices were so well suited for their
needs, but also because it was the Veter-
an's Administration which was able to orga-
nize the support required for the develop-
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ment of such products. War casualties
resulted in large numbers of disabled
persons, many of these being paraplegic or
quadriplegic, as well as handicaps due to
loss of limb. The survival rate from such
casualties was growing due to advances in
the medical field following World War II,
and thus the need for assistive technology
became critical. The Veteran's Administra-
tion had the responsibility to fund such
developments, from which emerged the auto-
matic telephone dialer, the powered wheel-
chair and stair - climber, as we ll  a s an
array of environmental controls. Unfortu-
nately, development costs were high, and
most of the products were extremely expen-
sive. Competition in the private sector
was slow to develop due to the relatively
small market and prohibitive costs, and
this caused assistive products to be limit-
ed in both number and scope. Even with the
availability of the transistor in the 1950s
and of integrated- circuits in the 1960s,
major advances were not made until the mid -
seventies, after the introduction of the
microprocessor. The microprocessor reduced
the size and cost of the computer so that
businesses and hobbyists alike could devel-
op practical and affordable assistive prod-
ucts. Since that time, major product ad-
vances have been made, resulting in a wide
array of available programs and devices.

OVERVIEW OF EXISTING TECHNOLOGY

Products for the visually impaired
A variety of electronic devices are avail-
able for the blind and visually impaired.
With the development of the image scanner,
printed material such as documents or
pictures can be converted into digital
information and stored in computer memory.
Conversion of this information into braille
(for text) or a graphical - relief format
(for pictures) can be implemented through
an appropriate output interface. Alterna-
tively, text can be converted to simulated
speech using an attached voice synthesizer.
This provides full access to all the text -
based computer resources such as word pro-
cessing, data bases, books, and software
programming. For people with partial
vision, screen magnifiers are available to
allow programmable enlargement of video
output. Unfortunately, limited display
area usually requires a lot of panning to
access the complete image.

Products for the hearing impairedCompact for aids have been available

for a long time. Solid -state electronic
components have provided the means for an
often inconspicuous amplifier to assist
those hard of hearing. Recent advances now
allow electrodes to be inserted in the
inner ear which can stimulate the nerve
fibers and produce a sensation of sound.
Equipped with a small microphone and trans-
mitter worn behind the ear, sounds are
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amplified , filtered , an d di gi ti ze d by  a n
external processing unit before being
passed th rough a magnetic  couplin g to the
electrodes . Surgical installation of the
device involve s the p lacemen t of a disk -
shaped rece iver under  the skin behind the
ear, and  t he in ser ti on of  a th in tu be in
the ear's cochlea . The tube is banded with
sev er al co nt act  e le ctr od es  to  e xc ite  t he
auditory nerves. The external processor is
tu n e d f o r  e a c h  i n d i vi d u a l t o  pr o v i de  a n
acceptable response to audio input. Howev-
er, the resulting sound sensation is quite
unlike normal hearing. Pitch detection is
possible , but  v oi ce re co gni ti on  is  o ft en
quite difficult . At present , the  a id is
in t e nd e d  to  a s si s t  wi t h  li p  r ea d i n g a n d
provide an audio link for those individuals
who can ' t benefit simply by sound amplifi-
cation.

Products for cognitive training
Several software aids are available to
assist with cognitive training. Such
training is used to develop decision making
skills fo r people  with le arning d isabili-
ties, or for those who have suffered severe
head injuries resulting in partial or
complete loss of identity or cognition. A
useful technique is to present the student
with games of choice , where the computer is
used to pose questions and await an answer.
Sop hi sti ca te d p ro gr ams  m ig ht us e a v oi ce
synthesizer to  allow the com puter to talk
to the student . Several skill levels can
eas il y be  pr og ra mm ed  to  c ha ll eng e an  a d-
vancing student , and 'distractors' can be
added to test the student ' s ability to make
choices under adverse conditions, thus
developing concentration skills. The
computer also is able to record t he prog-
ress of each session, allowing an adminis-
trator to monitor results over an extended
period.

Products for the speech impaired
Sev er al po rta bl e s pe ech  s ynt he siz er s a re
available to allow typed or selected phras-
es  t o b e  so u n d ed  u p on  c o mm a n d . Several
des ig ns pe rm it th e use r to  co ns tr uct  a nd
store complete sentences , greatly improving
response time for common situations. Some
synthesizers even allow selections of both
male and female voice types . Another
innovative product is  the speec h training
prog ram , which utilizes the power of digi-
tal signal pro cessing to pro vide the user
with a visual indication of pronunciation.
T h e h u m a n v o i c e i s c o m p o s e d o f a c o m p l e x
mixture of many audible frequencies; using
a microphone to enter the audio signal into
the computer , the digital signal processor
is  a bl e  to  s e pa r a te  t he  v o ic e ' s c o mp l e x
structure into individual frequency compo-
nents. This  in for mat ion  can  be  co mpa red
against a sto red  r efe ren ce  pa tte rn (the
same  wo rd spok en wit hou t im pai rme nt) and
the results plotted graphically to indicate
how accurately the word was pronounced. In
a simpler f ashion, th e voice ca n be digi-
ta l l y r e co r d e d b y  t h e  c o m p ut e r  a n d  d i s -
played graphically to show amplitude varia-
tions of the signal, as illustrated in the
accompanying picture. Here , a speech im-
paired user can try to match the amplitude
variations wit h that of a te acher sharing
the microphone. Such feedback can easily

0 * _�0�1�0�� �� �� �10 0� �� ��
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A display sh owing output  from IBM's
SpeechViewer, co mp a ri ng  th e s pe ec h
patterns of a student and teacher.

b e u s e d i n a g a m e f o r m a t s o t h e l e a r n i n g
process is enjoyable and captivating. The
success of a word match (or close approxi-
mation ) scores points for the user, or is
used  in some  oth er p osit ive way so a s to
mo ti v at e g am e  p la y  c ha l le n gi ng  fo r b ot h
children and adults.

Products for the mobility impaired
A process which has involved much research
over the past several years is called
Functional Electrical Stimulation (FES) .
This technique allows muscles isolated by
paralysis to be driven into motion by
external electrical signals that are cou-
pled to the muscles through electrodes. A
microprocessor -based controller issues the
compl ex s equen ce o f sig nals  nece ssar y to
effect proper coordination of a muscle
group. Commonly , this is used to produce a
walking motion of the legs . FES does not
yet allow unsupported walking , but the
p e r s o n i s n o l o n g e r c o n f i n e d t o a w h e e l -
chair. By selectively operating the con-
troller, the user is able to initiate each
leg movement , on e st e p at  a  ti me . Many
othe r pr oduc ts f or t he m obil ity impa ired
involve computer access, discussed next.

Products for computer access
The desktop computer is useful only if one
is able to access it using suitable input
and output  devices. Several alternative
output devices have been mentioned earlier.
F o r t h o s e p e o p l e u n a b l e t o m o ve o r a c c u -
rately position arms and fingers , a special
input interface is required to replace the
standard keyboard . Such an interface has
taken several forms and will depend on the
nature of the disability . In an attempt to
prov ide acce ss f or a ll f orms  of mobi lity
impairment , the possibility of using
brain -wave activity as an input trigger has
been explored . To date , no reliable brain -
wave inter face has b een d evelo ped d ue to
problems of signal identification and high
electrical noise levels . Electrical sig-
nals from muscles around the eyes have been
used to determine optical focal points, but
no commercial product is yet available
employing this technique as an interface.
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Other methods are being tried commercially,
and these generally use some type of
reflection off the cornea to determine the
focal point on a video display. Using this
information, a cursor can be positioned on
the display with an accuracy of about 1/4
inch, and computer commands can be entered
either by menu selection or by choosing
letters from an alphanumeric display repre-
sented as a small keyboard on the screen.
If the user is able to make head movements,
a simpler method of cursor control can be
implemented by using a head - mounted reflec-
tor and a stationary infrared transmitter/
receiver. Head position is calculated
using the reflected infrared beam, and this
information is used to place the cursor.
For cases where reliable head movements are
impractical or impossible, an inexpensive
alternative is to use a simple switch
interface with a scanning cursor to select
desired menu items. As the cursor scans
through the list of choices, the switch can
be activated to select the desired entry.
A wide variety of switches for detecting
body movements are available, including
those for the tongue, lip, and eyelid.
Touch - sensitive switches are available
which require minimal pressure to trigger,
and large contact areas can be used to
allow easy activation by an arm, foot, or
hand. Sip and puff switches can also be
used. A new variation of switch uses a
video camera attached to a computer to
monitor the position of some part of the
body, activating the switch only if that
part of the body is placed in a specific
portion of the computer's video image for a
prescribed period of time. Such a switch
requires no contact and the user is free of
attached wires or devices.

A sophisticated form of computer input con-
trol is available using voice recognition
software. Here, commands or textual infor-
mation are sent to the computer simply by
speaking in a microphone. Many such pro-
grams can recognize several thousand words
for each reference file created by the
user, making them quite suitable for word -
processing applications and other text
entry programs. The process works using
advanced signal processing techniques to
digitally record and analyze the frequency
spectrum of each word spoken. This spec-
trum is compared to a word reference file
stored in computer memory, where each word
is represented by the user's unique spec-
tral pattern. If a match is found, the
word is written to the computer display.
Should an incorrect match occur, the pro-
gram allows the stored patterns to be modi-
fied  an d m atc hed  to the correct word.
Sophisticated programs will modify spectral
models of each match accepted by the user,
in t his  way  ad apt ing the  mo del to the
user's voice. This is invaluable for
people with mild voice impairments.

NEW ID EAS

Johns Hopkins University has recently
conducted a national search for computing
applications to assist persons with dis-
abilities, a competition designed to stimu-
late product development. Many o f the
entries were prototype models of what soon

will be available commercially. others are
still unfinished designs, requiring several
years of development before completion. An
example is a proposed navigational aid for
the blind, which will use an existing
satellite network (the Global Positioning
System) to determine the user's lateral and
longitudinal position, from which commer-
cially available mapping software can be
used to pinpoint the location to a street
name. With this information, the user can
enter a desired destination and the soft-
ware will calculate which streets to follow
to reach that location. Contained in a
shoulder bag and equipped with speech
capability, the device is expected to be
accurate to a radius of 20 meters.

A telephone communicator for the deaf was
another entry in the competition. Soon to
be available, this device is a portable,
battery - powered unit which allows a deaf
person to read coded messages that are sent
to the device from a telephone's 10 -digit
push button keypad. The code is a simple,
logical two- stroke process for each letter
or number, and the messages appear on a
small liquid crystal display. The connec-
tion to the phone is through a suction -cup
attachment, using magnetic induction cou-
pling with the earpiece. If the deaf user
can speak, only one device is needed to
provide two -way communication; otherwise,
both parties will need the interface to
decode the telephone's keypad signals.
Already on the market from another manufac-
turer is a non - portable version of this
communicator, using a desktop computer to
provide sophisticated options and decoding
schemes, as well as a speech synthesizer.

New ideas are continually developing as
advances in electronics technology provide
more powerful tools and methods. Future
assistive products will undoubtedly benefit
from the rapidly progressing field of
digital signal processing. Also, as the
size of electronic components continues to
reduce, portability of complete and power-
ful computer systems will become practical,
with the potential of transforming a wheel-
chair into a veritable workstation.
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Service Delivery Via Slow -Scan Television

Charles J. Laenger and John Riddle
Kaiser Rehabilitation Center

Tulsa, Oklahoma

Abscract

A pilot program to determine
feasibility of using slow -scan
tel ev isi on to make initial
ass es sme nt s i n th e h om es of  ru ra l,
severely disabled clients is in
progress. Three Interand Imagephones
have been acquired with private
foundation funds. One unit has been
stationed in the rehabilitation
center. Two  un its  wi ll  be  ro tat ed
between vocational rehabilitation
counselors, case managers, care
providers and social workers who have
direct interaction with remote
clients. The fi e ld  us e r w il l be
directed in setting up the equipment
by a technician at the rehabilitation
center. The field user will be
directed by a therapist or other
rehabilitation personnel stationed at
the rehabilitation center. In this
m a n n e r , t h e r e h a b i l i t a t i o n
professional will determine whether a
vis it  t o th e re ha bil it at io n ce nt er
for a hands -on, in -depth evaluation
is justified. A budgetary estimate
for equipment and technical services
will be prepared for the third party
payer.

Background

Disabled clients w ho live in remote
areas continue to be deprived of
rehabilitation services. It is  too
expensive to send professional
personnel into the field even to make
assessments. Transportation and
inconvenience of handling the
severely disabled client enroute and
away from home can be overwhelming.
But reluctance to seek rehabilitation
services is an even greater problem.
Often clients or parents of
physically and mentally retarded
children are shy and do not believe
tha t a ny thi ng ca n b e don e t o hel p.
They have no idea of costs and often
d o  n o t kn ow  t ha t  p ub li c financial
he lp  m ay  b e av ai la bl e. Of te n th e
visiting social worker, nurse or
other field personnel tries in vain
to convince these people to seek the
aid of rehabilitation professionals.
It is believed that slow scan
television will provide great help,
at low costs, in these situations.

Statement of the Problem

D e l i v e r y o f p r o f e s s i o n a l
rehabilitation services to individual
in sparsely populated areas is
inordinately expensive. Field
personnel wh o contact th ese clients
and their families are not trained to
ma ke  t ec hn i ca l as se ss m en ts  n or  t o

tell clients what methods and
equipment are available, often the
rehabilitation center is many miles
away making transportation and care
of  t he  s ev er el y di sa bl ed  c li en t a
majo r i mped ime nt to a cqu isit ion  of
services. Training of field
personnel and providing them
technical information in a timely
manner is a perennial problem. Funds
for travel and training time are
dramatically shrinking. Maintenance
of equipment at remote locations is
also a costly and inconvenient
process.

Approach

Slow -scan television is inexpensive,
portable and very user friendly.
Frames can be sent at a rate of two
per min ute  ov er ord ina ry tel eph one
lines. Even the most inexperienced
person can be directed via telephone
in set -up and use of this equipment.
Initial assessments and education of
the client, his family and the field
worker can be accomplished with the
aid of slow -scan television.

State vocational rehabilitation and
developmentally disabled services
agencies have agreed to participate
in a pilot program. One unit will be
consigned to each of these agencies.

r

Interand Slow -Scan Television System
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State vocational rehabilitation and
developmentally disabled services
agencies have agreed to participate
in a pilot program. One unit will be
consigned to each of these agencies.
Several trial run and in- service
sessions will be held with the master
slow -scan television station located
in the rehabilitation center
laboratories and the other stations
located in various field offices.

Clients will be encouraged to go to
the field offices for evaluation
where the vocational rehabilitation
counselor, case manager, social
warker, nurse or other coc +tact
personnel will operate the slow -scan
television equipment, and take
directions from the r ehab ilita tion
center professional staff. The field
personnel will thus assist the
professional rehabilitation staff to
measure and specify wheelchairs,
identify appropriate ADL equipment,
identify trial environmental control
and communication equipment, and make
preliminary seating assessments. In
many instances, the professional
rehabilitation staff will get enough
information to determine whether an
in -depth seating or communication
evaluation is warranted. In other
instances, information thus obtained
will help prepare the rehabilitation
team for the in -depth evaluation. It
will be possible to ship one of the
un it s  t o the ho m e  w he r e  a  p e r s o n
totally unfamiliar with the slow -scan
television system will set it up and
use it as directed. In this
instance, the naive user will be
instructed via telephone by
rehabilitation center personnel.

The slow -scan television system will
a l s o  b e  u s e d  t o serve independent
living centers and other special
facilities as a technical information
resource. Existing grant funds will
permit such service on a limited
basis during the first year.

Implications

It is believed  that the slow -scan
television system will enable
technical rehabilitation specialist
to serve rural clients better and at
lower costs. This approach will also
serve rural hospitals, professional
field personnel, independent living
centers and others. It will serve as
a marketing tool for the
rehabilitation center. It may also
prove to be useful for rehabilitation
technology and equipment vendors.

Slow -scan television, it is believed,
will  gre atly  ben efi t ed ucat ion and
improvement of the technical
c a p a b i l i t i e s of v o c a t i o n a l
rehabilitation counselors, case
man age rs, ind ep en de nt liv ing
personnel and others. It should save
money for state agencies, other third
party payers and individuals.

Discussion

Slow -scan television is currently
used to monitor drilling rig
operation and other industrial
processes. It is also used in
conference applications and results
in s ubst anti al s avi ngs in t ime and
money. This appr oach shou ld prove
time and cost effective and serve as
a v al uab le  ma rk eti ng  to ol fo r th e
rehabilitation community.
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Accommodations  f or a Therapeutic  Kayaking  Program

Andrew L incoln,RE, Richard Ke ller,RE, Lisa Lavery,PT, Lisa Pezzini ,PT, Diana Burkhalter,OTR /L
Rehabil itation Engineering , Phys ical Therapy, Occupational Therapy

National Rehabi litation Hospital
Washington, DC USA

Abstrac t

A kayaking program was recently developed for
the rapeutic purposes with the spinal cord injured
population. To  help  insure the  saf ety o f the patients
and increase the flexibi li ty of the program,
accommodations  were  made  to  the  f lo tat ion sys tem,
the  seating  sys tem, and  mi tt s  t o  al l ow f o r use  o f  a
paddle. These accommodations contribute to the
success of  an innovative  treatment technique .

Background

A Therapeutic Kayaking Program was developed by
the rapis ts  at a comprehensive  rehab ili tation hospital.
The purpose of the program is to fac il itate
improvements  in s i t t ing  balance and  upper extremity
streng th fo r increased independence in daily living
skills. The program  was  p i lo ted  with p atient s  with
spinal cord injuries bu t wi l l be expanded to include
other diagnoses.

The equipment required fo r a kayaking program
includes a kayak, paddle, seating sys tem, f lotat ion
vest, and helmet. A sea kayak was  chosen f o r the
program f o r the  f o llowing  reasons : i ts  f lat bo ttom and
short leng th provide increased stab il ity; its larger
cockpit s ize allows fo r ease  of  transfe rs and space f or
various seating sys tems; and its smooth interio r o f
molded po lyethylene of fe rs  protec tion to patients with
sensory impairments. Two seating systems were
uti l ized : the  s tandard  kayak seat with a ge l pad  or an
adapted seat and back to provide addit ional trunk
support. A standard jacket f loatation device and
helmet were used. The padd le that was se lec ted was
lightwe ight with an adjustable blade angle to
accommodate  the ab il it ies of the patient.

Objective

The three  majo r concerns  in making  accommodations
were kayak stab ili ty in the wate r, patient stab ili ty in the
kayak, and  padd le  grip fo r pe rsons  with quadrip leg ia.
To  accommodate a patient populat ion with sensory,
balance , and  mobi li ty impairments, adap tat ions to  the

kayak, seating sys tem, and  grip of  the  padd le were
required to meet patients' individual needs and enhance
safe ty o f the  ac t ivi ty.

Design

To maintain the  kayak's  stabi lity in the  water, outr igger
f loats were mounted to the kayak. The outriggers
were cons truc ted of a frame of  telescop ing aluminum
tub ing with f luid containers mounted to each end
which ac t as  f loats . This  f rame was  then mounted
midline on the kayak behind the paddler after the
patient trans fered. It was fastened  to the  top  surface
of  the  kayak with a c lamp ing  sys tem. The  clamp ing
sys tem consisted of four machined PVC clamps
mounted  through the  top  o f  the  p las t ic  kayak into  a
3 /8 " sheet of high dens ity polye thylene. By
sandwiching the top plastic surface of the kayak
between the  PVC c lamps and the  polye thylene shee t,
slippage of  the outrigger was eliminated and  loading on
the kayak hull  was  distributed. The telescoping feature
of the outrigger frame allowed for the distance
between the floats to be varied. By varying the
distance between the floats or mounting the floats
above o r be low the  frame, the moment arm p rovid ing
the buoyancy could  be changed. Therapists could then
contro l the degree  of  ro ll for individual patients.

To  increase the trunk s tab il i ty of  higher leve l spinal
co rd  injured  patients, an adapted  seating  sys tem was
designed to  subs titute  f or the original low back seat.
The adap ted sys tem util ized 3/8"  ABS p las tic to  f orm
a base. The  seat and  back were  de rived  f rom the
foam of a contoured cushion and minicell foam,
respectively. A layer of silicon was  added to the f oam
seat cushion to  p rovide waterproof ing. An abdominal
binder was attached  to  the  back with Ve lc ro closures
to  maintain the pos it ion o f  the  patient ' s  trunk in the
kayak. The back could be removed to g ive the patient
additional space  in the cockp it  f o r trans fe rs and  then
rep laced  and  secured with thumbscrews.

Adapted kayak mitts were designed to hold the
patient's hands in a func tional grip position while
al lowing the paddle to rotate when the patient
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performed kayak strokes. (See Figure 1 .) The design
also provided the quadriplegic patient the abil ity to
independently don and dof f the  mitts. The mitts  were
designed to be strong, durable, and comformable.
Features  o f the  mitts inc lude  a 1" strap o f  webbing
secured  around  the  wris t with Ve lc ro ; a 4 " Velfoam
pocket covered the back of the  hand and f ingers ; and
two 2" straps  secured the hand  to  the paddle. The
thumbs  were  f ree f rom the mitts  in opposition.

Figure  1 - Kayak mitt

Discussion

The accommodations made for the therapeutic
kayaking p rogram were an eff ort to insure the patients'
safety. The outriggers prevented excessive tipping
even for heavy patients. The adapted seat secured the
position of  the patient in the kayak. Materials selected
f o r the  seat and  mitts provided cushioning  f or good
pressure dis tr ibution for patients with sensory
impairments. The kayak mitts can be doff ed in case of
emergency, and the helmet and life vest offer additional
protection in case some unfo reseen inc ident occurs.

The  accommodations  also  of fe r a degree  of  f lexib ili ty
fo r patients  with varying  leve ls  o f  s treng th, balance,
and  dexterity. The  ad justable outr iggers allow fo r the
controlled development of a patient's balance. Dif ferent
seating systems can be installed in the kayak to provide
adequate support fo r patients based  on the ir spec if ic
level o f  injury and the back o f  the adapted seating
system can be temporarily removed to facilitate
transfers. The Velcro- fastened abdominal biiider allows
for varying degrees of trunk support based on the
patient 's build and trunk control. Also, the  kayak mitts

allow patients with adequate shoulder strength but
limited  hand f unction the opportunity to hold the  paddle
in o rde r to ass is t in the  deve lopment o f  s treng th and
balance.

These accommodations were achieved through an
interdisc iplinary eff ort. I t  is through such ef fo rts  that
quali ty of care can be enhanced to offer patients
unique, e ffect ive, and enjoyable  treatment techniques.
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ABSTRACT

F o r  a  v a r i e t y  o f  r e a s o n s co mmuni t y
cl i ni c i a ns a r e o f t e n no t  c o ns u l t e d  i n
d e c i s i o ns t o  d e t e r mi ne a p p ro p r i a t e
a s s i s t i v e t e c h no l o gy  f o r p e r s o ns wi th
di s a bi l i t i e s . At  t ime s , ho we v e r ,
t h e r a p i s t s wo rk i ng  i n co mmu nit y b a s e d
a g e n c i e s mu s t  s e c u r e  f u n d s f o r  r e t -
ro f i t t i n g  i n a d e q u a t e  s e a t i n g a n d whee le d
mob ili ty s y s t e ms t h a t  a r e mi s s i ng
fu nc t i o n a l  a n d sa fe t y a d a p t a t i o ns ne e d e d
fo r co mmu ni t y ut il iza ti on. In  a
r e t r o s p e c t i v e s t u d y  o f  6 7 s e a t i ng a n d
mob ili ty s y s t e ms , i t  wa s d e t e r mi n e d  t h a t
i n p u t  f r o m co mmuni t y cl ini c i ans p r i o r  t o
a n d  / o r  d u r i n g a s e a t i ng a n d whee le d
mob ili ty ev a l u a t i o n d e c re a s e d t h e
li ke l ihoo d o f  r e t ro f i t t i n g i na p p ro p r i a t e
s y s t e ms .

BACKGROUND

With t h e ne e d t o  b ro a d e n s e rv i c e s to
re ma i n co mp et i t iv e , mo s t  ho s p i t a l  b a s e d
t h e r a p y p r o g r a m s ha v e  a  s e a t i ng  a n d
whe el e d mob ili ty co mpo nent . F o r  t h e
s e a t i ng a n d mobility clinic , t he ra t e  o f
s u c c e s s (d e t e r mi ne d t o  b e se le ct io n of
t h e d e v i c e a p p ro p r i a t e to t h e cl i e nt
wi t ho u t  t h e ne e d fo r  r e t r o f i t t i n g t h e
s y s t e m wi t hi n o ne mo nt h) v a r i e s d e -
p e n d i n g o n t h e b a c k gr o u nd , e d u c a t i o n,
e xp e r i e n c e , a n d c o nt i nu i ng e d u c a t i o n of
t h e team me mb e rs . T he  r e h a b l i t a t i o n
t e c h no l o gy s u p p l i e r (RTS) p ro v i d e s ma ny
of s e a t i ng a n d mobility s y s t e ms , p a r -
t i c u l a r l y i n  r u r a l  a r e a s o f  t h e c o u n -
t r y . T he s u c c e s s  r a t e o f  t h e  d e a l e r
a l so v a r i e s fo r  t h e  s a me  r e a s o n s a s t h e
t e a m  i n  t h e  h o s p i t a l .

Re ga rd l e s s o f  e v a l u a t i o n l o c a t i o n o r
me mb e r s hi p o f  t he  t e a m me mb ers , ma ny
times co mmu ni t y cl inic ia ns , who a r e
o f t e n no t c o ns u l t e d , mu s t  d e a l  wi t h
re t r o f i t t i n g  n e w s e a t i ng  a n d whe el ed
mob ili ty s y s t e m s  t h a t  a r e someti mes
i n a p p r o p r i a t e  a n d o t h e r  t i m e s mi s s i ng
fu nc t i o na l  a n d s a f e t y  a d a p t a t i o ns ne e d e d
fo r  u t i l i z a t i o n i n  t he  c o m mu ni t y
( Lue bb en a n d Yo ung, 1989). Commu ni ty
t h e ra p i s t s a r e b e c o mi n g i n c re a s i n gl y
mo re a c t i v e in t he ev a l u at i o n, de c i s i o n
ma k i ng, f i t t i ng ,  t r a i n i ng , a nd  fo l l o wu p
o f  s e a t i n g  a n d whe el e d mob i li t y s y s -
te ms . Be c au s e o f  a  r e c e n t  c o u r t

d e c i s i o n,  t he  i mp e t u s to move a wa y  f ro m
re fe r r i n g c l i e nt s t o  ho s p i t a l ba se d
p ro g ra ms will l ikely es ca la te , p a r -
t i c u l a r l y  f o r  t h o s e  t he r a p i s t s  wh o s e r v e
s c ho o l  d i s t r i c t s . In Be r t e t t o Y. S p a r t a
Communitv Uni t  D i s t r i c t N-Q. 1-4 (1989)
t he school d i s t r i c t  wa s d e t e rm i n e d  t o be
p o t e nt i a l l y  l i a b l e  fo r  i nj u r i e s s u f f e re d
b y  a s t u d e n t  w i t h d i s a b i l i t i e s  who  wa s
t hr o w n f r o m he r  wh e e l c ha i r  w hi l e  b e i ng
t r a ns p o r t e d  t o t he p l a y gr o u n d . The
lower c o u r t  d e c i s i o n, ru l i n g  i n  f a v o r  o f
t he s c ho o l  d i s t r i c t  b y ho l d i n g t h e
d i s t r i c t  no t  l i a b l e s i nc e t he s t u d e n t ' s
p a r e n t s  f u rn i s h e d  t h e whe e l c ha i r ,  wa s
o v e r t u r ne d by a n a p p e a l s  l e v e l de ci s i on
t h a t  h e l d  t h e  d i s t r i c t  l i a b l e  w i t h  t h e
p re mi s e  t ha t  i t  w a s t he sc hoo l
d i s t r i c t ' s d u t y t o  fu r ni s h e q u i p m e nt  t o
p r e v e n t  s e r i o u s  i n j u r y .

T hi rd p a r t y  r e i m b u rs e m e n t s o u rc e s ,
o b l i ga t e d  t o c u rb  e s c a l a t i n g he a l t h c a re
co s t s , a r e c o gn i za nt  o f  t h e  i n c re a s e  i n
t h e  r e q u e s t s  f o r  e x t r a  f u n d s b e i ng
s o u g ht  t o c o m p l e t e  t he  r e t ro f i t t i ng
ne c e s s a ry fo r co mmu ni ty  u t i l iza t i o n. In
t h e  f u t u r e ,  f u nd i n g  f o r  r e t r o f i t t i n g b y
t hi rd p a r t y p a y e r s may b e  j e a p a r d i z e d  o r
e v e n ha l t e d  i f  t h i s  t r e n d to make
e q u i p me nt cha nge s ,  mo d i f i c a t i o ns , o r
ad d i t i o ns c o nt i nu e s .

RESEARCH QUES TION

The p u rp o s e o f  t h i s s t u d y was to
d e t e rmi ne wh e t he r  i n p u t  o f co mmunit y
cl inic ia ns i nf l u e n c e s  t he  i n c i d e nc e  o f
r e t ro f i t t i ng  s e a t i n g a nd  m o b i l i t y
sy s t e ms . In v e s t i ga t e d  w a s  t h e re s e a r c h
qu e s t i o n, "Do s e a t i n g a n d whe el ed
mobility e v a l u a t i o ns  a n d  f i t t i n gs
p e r fo rme d with t he i n p u t  f r o m co mmunit y
t h e r a p i s t s  r e s u l t  i n  a  h i g h e r  r a t e of
su c c e s s ( l o we r  i nc i d e nc e o f  r e t r o f i t -
t i n g )  t h a n  t h o s e ev a l u at i o ns p e r fo rme d
wi t h o u t  c o mm u ni t y  t h e ra p i s t
involvement ?"

METHOD

The s u b j e c t s  f o r  t h i s s t u d y we re
s t u d e n t s r e c e i v i ng  ne w whe e l c ha i r s
be wee n December 1987 a n d  J u n e 1991 in
a ge nc i e s s e r v e d  t h r o u g h c o nt r a c t s with a
c o mm u ni t y  b a s e d  p r i v a t e pra ct i ce . Two
va r ia b le s , c o mmu ni t y  c l i ni c i a n i nv o l v e -
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me n t  a n d  t h e ne e d  t o  r e t r o f i t  t h e
s e a t i n g a n d mobility s y s t e m wi thin one
mo nt h o f  d e l i v e ry a nd  f i n a l f i t t i ng,
we re  i nc l u d e d fo r  i nv e s t i ga t i o n o f  t he
re s e a r c h q u e s t i o n. The co mmunit y
t h e r a p i s t  i np u t  v a r i a b l e  wa s c o d e d  a s
"wi th" wh e n  t h e  i n p u t  f r o m o ne  o r more
c o m u n i t y  t he ra p i s t s was pro v i d e d be fo re
a nd  / o r  d u r i ng t he s e a t i ng a nd whee led
mo b i l i t y  a s s e s s me n t  a nd s u b s e q u e nt
f i t t i ng, whe re a s "wi t ho u t " d e s i gna t e d
s e a t i ng a nd whe el ed mo b i l i t y  a ss e s s me nt s
t h a t  w e r e compl et ed wi t h o u t  t h e  i n p u t  o f
t h e co mmunit y t he ra p i s t ( s ) . T he se c ond
va r ia b le , t he ne e d t o  r e t r o f i t  a  ne w
wh e e l c h a i r ,  f u r t h e r  s u b d i v i d e d  t h e
s t u d e n t s . T he  whe e l c ha i r s we re  d i v i d e d
i n t o  f o u r  g r o u p s : (a) with commu ni ty
t h e r a p i s t  i n p u t , no  n e e d  t o  r e t ro f i t ;
(b ) wi t h  c o m mu ni t y  t he r a p i s t  i n p u t ,  n e e d
t o  r e t ro f i t ; (c) wi t ho u t commu ni ty
t h e r a p i s t  i n p u t , no  n e e d  t o  r e t ro f i t ;
a n d (d ) wi t ho u t c o mm u ni t y  t h e ra p i s t
i n p u t , ne e d  t o  r e t ro f i t . A chi - square
t e s t  fo r  i nd e p e nd e n c e  wa s c o n d u c t e d  t o
d e t e rm i n e  w h e t h e r  t h e ne e d  t o  r e t ro f i t
s e a t i n g a n d whe el ed mobility sy s t e ms is
i n d e p e n d e n t  o f  i np u t  f ro m o n e  o r more
commu ni ty cl inic ia ns .

RESULTS

Wi t hi n t he gr o u p ca t e go r i e d as wi t ho u t
c o m mu n i t y  t h e ra p i s t  i n p u t  a n d  ne e d i n g t o
re t ro f i t , wh e t h e r  a  t he r a p i s t  w o r k i n g i n
a  f a c i l i t y  no t  b a s e d  i n t he  c o m mu ni t y
wa s  i nvo l v e d t he a s s i s t i v e  t e c h no l o gy
d e c i s i o n  ma k i ng t e a m  wa s no t  d i f -
f e r e n t i a t e d  f r o m  a  t e a m t ha t  i n v o l v e d
the  RT S wi t h o u t  a n y  t he ra p i s t . Since
e q u a l  nu mb e r s (1 0  ea c h o f  t h e 20  d e c i -
s i ons made wi t h o u t  c o m mu n i t y  t he ra p i s t
inv o l v eme nt ) o f  no nc o m mu ni t y  b a s e d
t he r a p i s t s a nd  RT S s (w i t ho u t  t he ra p y
c r e d e n t i a l s )  r e q u i r e d  r e t r o f i t t i ng , b o t h
t y p e s  o f p e r s o nne l  we re  c l a s s i f i e d int o
t he same c a t e g o ry .

S i xt y  - s e v e n s e a t i ng a nd  whe e l e d  mo b i l i t y
de v ic e s we re de l i v e re d t o  s t u d e nt s b e -
twe e n D ec e mb e r 1 9 8 7  a n d  J u ne 1991. Of
t h e  t o t a l  nu m b e r o f  s e a t i n g a n d mobility
sy s t e ms , 4 0  we re cl a s s i fi e d  a s with
co mmunit y c l i ni c i a n  i nv o l v e me nt  a nd 27
as wi t ho u t  c o mmu ni t y  t h e r a p i s t  i n p u t ; 26
c a t e go r i z e d  a s  r e q u i r i ng  r e t r o f i t t i n g
a nd 41 a s  n o t  n e e d i n g  t o  b e  r e t r o f i t -
te d . S i x o f  t ho s e 2 6  s y s t e ms  r e q u i r i ng
re t r o f i t t i ng  ha d t h e  i n p u t  f r o m  o ne  o r
more c o mm u ni t y  t he r a p i s t s while 2 0  u ni t s
we re  d e l i v e re d  w i t ho u t  c o mm u ni t y
info rma t io n. O f  t he  4 1 d e v i c e s  t h a t  d i d
no t  ne e d  t o  b e  r e t r o f i t t e d ,  t h e  d e c i -
s i o ns  r e g a r d i n g 34 sy s t e ms we re  ma d e
wi t h  t he i np u t  o f c o mmu n i t y  t he ra p i s t ( s )

a n d s e v e n  n o n r e t ro f i t t e d sy s t e ms d i d  no t
info rma t i o n f r o m  t he co mmunit y.

An exami na t io n o f  t h e o b s e r v e d  f r e -
q u e nc i e s o f  t h e  f o u r  g r o u p s d e mo ns -
t r a t e s t h a t  t h e  l i k e l i h o o d  o f  r e t ro -
f i t t i ng s e a t i ng a nd  whe e l e d  mo b i l i t y
sy s t e m s i gni f i c a nt l y d e c r e a s e s  w i t h
co mmunit y cli ni c i an i nv o l v e me nt  i n  t he
d e c i s i o n  ma k i ng pro c e s s , chi - square
(1, n = 67) = 23.686, p<.05. Ac c o rd i ng
to Cohen (1988) t h e phi  o f .5945 c a l -
c u l a t e d  fo r  t h i s s t u d y sho ws a  s t r o n g
re l a t i o ns hi p b e t we e n  t he  t wo  v a r i a b l e s
(c ommunit y t h e r a p i s t  i n p u t  a n d  n e e d  t o
re t ro f i t ) . From p o we r  a na l y s i s  t a b l e s ,
t he po we r o f  t h i s c h i - s q u a re  t e s t  ( o n e
d e g re e  o f  f r e e d o m, sa mp le s i ze  o f  6 0 ,
a l p ha  l e v e l  o f  . 0 5 , a nd e f f e c t  s i ze  o f
.50) is .97. F o r  t hi s s t u d y  i t  a p p e a r s
e v i d e n t  t h a t  t h e  h i g he r  r a t e s  o f  s u c c e s s
i n p ro v i d i ng a p p ro p r i a t e s e a t i ng  a n d
whe el ed mobility s y s t e ms with co mmunit y
t h e ra p i s t  i n p u t  i s no t  d u e  t o c ha nc e .

DISCUSSION

Caut ion i n  ge n e ra l i z i n g  t h e  r e s u l t s of
t hi s s t u d y mu s t  b e o b s e rv e d  s i n c e  t hi s
wa s  a  r e t ro s p e c t i v e s t u d y c o n d u c t e d  i n
o ne ge o gr a p hi c a l  a r e a . Howeve r, r e t r o -
f i t t i n g d o e s no t  a p p e a r  t o  b e a  l o c a l -
ized e v e nt , b u t  o c c u r s a c ro s s t he
c o u nt r y . To d e c re a s e t he  i nc i d e nc e of
re t ro f i t t i ng,  i t  s e e ms t h a t  t h e r e  a r e a t
l e a s t  t wo so l ut i ons . Wi t h t he s e a t i ng
a nd whe e l e d  mo b i l i t y  e v a l u a t i o n o c c u r i ng
ou t s i d e o f  t h e co mmunit y b a s e d  a g e nc y ,
t h e mo s t s i mp l e so l u t i o n i s i nv o l v i ng
c o mm u ni t y  t he r a p i s t s a t  t he  t i me  o f  t h e
ev a lu a t io n. F o r  t h e  m o s t  p a r t , t he
p hy s i c a l  p r e s e nc e  o f co mmunit y
cl ini c i ans is imp o s s i bl e  b e c au s e  o f
s c h e d u l i n g a n d  f u n d i n g ; ho we v e r , p ho ne
c o n t a c t  o r  a n  i n t a k e form wo u l d  p ro v i d e
team me mbe rs wi t h i nfo rma t i o n n e c e s s a ry
to ma k e  i nfo rme d  d e c i s i o ns . The se c o nd
s o l u t i o n fo r  h o s p i t a l  b a s e d  t h e r a p i s t s
is t o  s p e nd some ti me i n t he co mmunit y
wi t h t he i r  c l i e nt s . Si nc e  l i f e
s i t u a t i o ns mu s t  b e s i m u l a t e d  i n t he
no nc o mmu ni t y s e t t i ng s , o f t e n t i me s  t he
ho s p i t a l  t h e ra p i s t  i s u nm i n d f u l  o f  n e e d s
t h a t  c a u s e  t h e mo s t  r e t ro f i t t i ng. Two
c o mmu ni t y  r e l a t e d  a r e a s mo st  c ommo nl y
fo rgo t t e n a re s a fe t y , pa r t i c u l a r l y
d u r i ng  t r a n s p o r t a t i o n  t o a nd  f r o m
s c ho o l ,  a nd s t a b i l i za t i o n fo r  fu n c t i o na l
t a s k s .
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C h a l l e n g e s i n L o n g D i s t a n c e P r e s c r i p t i o n

L y n n e B a l f o u r O T ( C ) , J e r z y A n t c z a k P . E n g .
R e h a b i l i t a t i o n E n a i n e c r i n g D e p a r t m e n t
H u g h M a c M i l l a n R e h a b i l i t a t i o n C e n t r e

T o r o n t o , O n t a r i o , C a n a d a

I N T R O D U C T I O N

I n A u g u s t 1 9 9 0 , H u g h M a c M i l l a n
R e h a b i l i t a t i o n C e n t r e ' s
R e h a b i l i t a t i o n E n g i n e e r i n g
D e p a r t m e n t w a s c o n t a c t e d b y a
R e h a b i l i t a t i o n C e n t r e ( o v e r 2 0 0 0
m i l e s a w a y ) i n W e s t e r n C a n a d a t o
i n v e s t i g a t e w h e t h e r we c o u l d m a r s
s u g g e s t i o n s f o r a n d  / o r s u p p l y
s p e c i a l i z e d s e a t i n g a n d p o w e r e d
w h e e l c h a i r c o n t r o l s f o r o n e o f t h e i r
c l i e n t s .

T h e c l i e n t w a s a 2 5 -  y e a r  - o l d c o l l e g e
g r a d u a t e w i t h s p i n a l m u s c u l a r
a t r o p h y w h o w a s l o s i n g s t r e n g t h a n d
t h e a b i l i t y t o u s e a j o y s t i c k . S h e
w a n t e d t o b e a s i n d e p n d e n t a s
p o s s i b l e a n d w o r k a t l e a s t p a r t t i m e
i n h e r p r o f e s s i o n . T h e c l i e n t w a s
v e r y a r t i c u l a t e , a g o o d a d v o c a t e f o r
b o t h h e r s e l f a n d o t h e r s . S h e
c o m m u n i c a t e d w i t h u s b y l e t t e r s
w r i t t e n , we d i s c o v e r e d l a t e r , u s i n g
a s i p a n d p u f f s w i t c h a n d M o r s e C o d e
o n a c o m p u t e r .

As i t w a s d i f f i c u l t t o m a k e
s u g g e s t i o n s w i t h o u t s e e4 n g t h e
c l i e n t ' s q u a l i t y a n d q u a n t i t y o f
m o v e m e n t we r e q u e s t e d t h a t a
v i d e o t a p e b e s e n t t o u s s h o w i n g h e r
s e a t i n g s y s t e m , h e r d r i v i n g m e t h o d
a n d d i s c u s s i n g h e r n e e d s . T h i s w a s
m a d e b y h e r p h y s i c a l t h e r a p i s t a n d
o c c u p a t i o n a l t h e r a p i s t . I t g a v e u s
b a s i s f o r d e l i n e a t i n g t h e p r o b l e m s
a n d p o s s i b l e s o l u t i o n s . A s e c o n d
v i d e o t a p e m a d e a f e w m o n t h s l a t e r o f
h e r s p e c i f i c h a n d m o v e m e n t s h e l p e d
u s n a r r o w d o w n c h o i c e s i n w h e e l c h a i r
c o n t r o l s .

OB J E C T I V E S

T h e r e q u e s t s w e r e :

1 . A n e w p o w e r e d w h e e l c h a i r w i t h a
t i l t i n g  m e c h a n i s m , n o t t o e x c e e d 2 5 "
i n w i d t h o r a s e a t h e i g h t o f 2 1  " .
W h e e l c h a i r h a d t o b e a n E &J p r o d u c t
a s t h a t w a s o n l y o n e s u p p o r t e d b y
t h e p r o v i n c i a l f u n d i n g a g e n c y . W i d t h
w a s c r i t i c a l b e c a u s e o f h o m e
d o o r w a y s a n d t h e f a m i l y v a n l i f t .

P2.16

2 . A s e a t i n g s y s t e m t o g i v e f u l l
b o d y s u p p o r t , a c c o m o d a t e a m o d e r a t e
s c o l i o s i s , g i v e a v a r i e t y o f
p o s i t i o n s f o r h e a d s u p p o r t , a n d f u l l
a r m s u p p o r t . H e r s t r e n g t h c h a n g e d
d u r i n g t h e d a y n e c e s s i t a t i n g a
v a r i e t y o f h e a d p o s i t i o n s . B a c k a n d
s h o u l d e r p a i n w a s a p r o b l e m .

3 . T h e s e a t i n g s y s t e m h a d t o f i t
b o t h t h e n e w p o w e r e d w h e e l c h a i r a n d
a p r e s e n t l y o w n e d  m a n u a l w h e e l c h a i r .

4 . T h e s e a t i n g s y s t e m s h o u l d a l l o w
o u r c l i e n t t o b e l i f t e d i n i t a n d
f i t o n t h e s e a t o f a n a i r p l a n e
( 1 7  " ) , ( h e r h i p s m e a s u r e d 1 8  " ! ) .
E x c e s s i v e h i p f l e x i o n i n l i f t i n g
c a u s e d h e r s e v e r e b a c k p a i n ,
s o m e t i m e s r e s u l t i n g i n m a n y d a y s i n
b e d . S h e d i d n o t l i k e t o b e l i f t e d
e x c e p t b y v e r y f a m i l i a r p e o p l e . S h e
a l s o w a n t e d t o t r a v e l .

5 . A w h e e l c h a i r c o n t r o l t h a t w o u l d
b e e a s y t o u s e , a n d c h a n g e w i t h h e r
f l u c t u a t i n g s t r e n g t h d u r i n g t h e d a y .
W h i l e s h e p r e s e n t l y u s e d a j o y s t i c k ,
b y n o o n s h e h a d o f t e n l o s t s t r e n g t h
a n d c o u l d n o t m o v e h e r a r m t o
c o n t r o l i t .

6 . A n y f i t t i n g s o r w o r k w o u l d h a v e
t o b e d o n e i n o n e s h o r t s t a y . S h e
w a s o v e r a g e f o r o u r h o s p i t a l , b u t
f o r t u n a t e l y c o u l d s t a y i n o u r f a m i l y
m o t e l w i t h h e r p a r e n t s .

FI T T I N G  P R O C E D U R E

S e a t i n g

We e m b a r k e d o n a y e a r o f
c o r r e s p o n d e n c e b e t w e e n o u r t e a m a n d
t h e c l i e n t a n d h e r t e a m , u s i n g
v i d e o t a p e , l e t t e r s , p h o n e a n d f a x .
As we n a r r o w e d d o w n c h o i c e s , t h e
h o m e t e a m o r d e r e d t h e w h e e l c h a i r a n d
h a d i t d e l i v e r e d t o a m a n u f a c t u r e r
o f w h e e l c h a i r t i l t e r s . T h e
m a n u f a c t u r e r m o d i f i e d t h e t i l t
m e c h a n i s m t o t h e c l i e n t ' s h e i g h t a n d
w i d t h s p e c i f i c a t i o n s , a n d d e l i v e r e d
i t t o o u r C e n t r e . o u r c l i e n t a n d h e r
f a m i l y f l e w i n t o s t a y f o r t w o
w e e k s .
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Challenges in Long Distance Prescription

We discovered that even a videotape
did not tell the whole story. Even a
i" change in seating position
changed her ability to hold her head
in position or move her arm_ She
could not move her arm at all
against gravity. She could wiggle
her left thumb, and all her right
fingers but not grasp anything. She
controlled the joystick primarily
with shoulder movement. Occasionally
she would resort to driving
backwards because the movement was
easier.

We made a poured foam back with a
very wide elasticated body support
giving total abdominal control. The
seat was a sandwich of multiple
layers of plastizote and high
density foam to keep it as thin as
possible. One of our technicians
developed a three way adjustable
bracket for the headrest. The seat -
back angle was critical and fixed
with a metal bracket. Lifting straps
were attached to the back and sides
of the seating system. The system
sat on plywood bases in each
wheelchair that had plastic clamps
and guides to hold it.

Wheelchair Control

The final challenge was interfacing
of the wheelchair control. She had
less movement than we had thought,
and we were afraid that she might
lose that in the near future. In
order to allow her to accomodate her
way of driving in accordance with
her fluctuating strength, it was
decided to use the Invacare 1551ME
controller on the E &J wheelchair.
She wanted to use the proportional
joystick whenever possible as it
gave the most precise control. A
curved lexan surface was attached to
the inside of the right side mounted
joystick box. This contained three
very small touchplate switches
(fwd. /right /left) with another on
the curved upper surface (mode
change). Instead of these
touchplates being direct selection
of direction, we fed them through a
Micro - Scanner Interface box, which
allows one switch to control forward
and reverse directions, and provides
a way to change controls in the
future if her abilities change and
only one movement is available to
access switches.

She now can drive using three
methods, the proportional joystick
in the traditional manner, the
proportional joystick as a RIM
control (forward accessed by pulling
back) , or by using her thumb to
access the four touchplates (digital
input) . Any of these controls will
activate the tilt mechanism (by
moving out of wheelchair mode into
the ECU mode) . There is also the
potential to use these same controls
for accessing other environmental
controls through ECUs available on
the 155114E controller.

CONCLUSIONS

It was necessary to have our client
find a local person experienced in
electronics who could make the
ongoing adjustments that will be
needed by someone with a changing
medical condition. There are also
changes required on a regular basis
in the exact positioning of her arms
and for seat comfort.

Working with a client and team from
such a distance presented many
challenges, which through intense
communication combined with a stay
at our Centre, resulted in a
satisfactory outcome. However, as
with any client with a changing
medical condi* 4.on, it will fall to
the home caregivers to continue to
maintain and modify the system and
make it both comfortable and useful
for our client.
At present our client enjoys using
the system effectively, switching
among control options as needed.

Jerzy M. Antczak
R e h a b i l i t a t i o n E n g i n e e r i n g
Department,
Hugh MacMillan Rehabilitation
Centre,
350 Rumsey Road,
Toronto, Ontario, CANADA, M4G 1R8
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DEVELOPMENT AND EVALUATION OF WHEELCHAIR CUSHION PROTOTYPES

Stephen H.  Sprigle , Laura Cron
University of Virginia

U.S.A.

INTRODUCTION

The use of foam cushions by wheelchair users has been
studied for several years by many researchers. The general
conclusion of these studies was that wheelchair users must
be evaluated individually for a cushion and that no single
cushion is appropriate for all users (Garber). Foam offers
several beneficial characteristics when used as a support
surface, including good envelopment, good impact
damping, and a stable  sit ting surface (Ferguson- Pell).
Other attractive features are it's low cost and ability to be
fabricated with many different material properties and in
different shapes and sizes. Currently, over 100 foam
cushions are available commercially and range in cost
from around $20 to over $200.

OBJECTIVE

The goal of this project was to develop inexpensive foam
wheelchair cushions which are effective in preserving the
functional abilities of the user while not increasing the risk
of pressure ulcers. The evaluation was simply meant to
judge the performance of the cushion prototypes and was
not meant to compare these cushions to any other
commercial cushion.

METHODS

Prototype wheelchair cushions were designed to address
different needs of wheelchair users . A cushion with a
unilateral thigh cutout was designed for use by individuals
that use one leg to assist with wheelchair propulsion. A
segmented wheelchair cushion was designed to provide
adequate  pressure distribution, and was targeted to the
general wheelchair population. After prototype testing and
redesign, two cushion designs were produced and
evaluated by pressure measurements and extended clinical

trials.

Figd herb- cushion

P2. 17

Pressure Evaluation. Volunteer subjects were seated on a
prototype cushion secured to a manual wheelchair. Seat
interface pressures were measured within a 5" by 9"
rectangle using an Oxford pressure monitor (model
TM700 or MKII). The transducer was centrally placed
under the ischial tuberosities. Pressures were measured at
each of the 24 locations.

Clinical Evaluation. Volunteers were positioned on a
prototype cushion by their primary Occupational
Therapist. Proper adjustments were made to the
wheelchair to accommodate the new cushion. The cushion
was  encased in a  nylon and spandex cover which was
secured to the wheelchair. Clinical evaluation forms were
provided to each therapist to complete after each clinical
trial. The segmented cushion form required the evaluator
to ra te the performance of the cushion in 7 ways.  The
subject's skin reaction, posture, effect on transfers, change
in spasticity, effect on propulsion, comfort, and balance
were assigned a value between 1 and 5. The hemi cushion
evaluation form required the  therapist to judge sitting
balance /posture and propulsion ability on a 0 to 5 grading
scale.

Unilateral Cutout (Hemi cushion)

Description. The hemi cushion was designed for persons
who use one leg to assist with wheelchair propulsion. A
section of the foam was cut -out which resulted in one side
tapering from the original 3" thickness to a 1" thickness
at the front (Figure 1). The cushion was fabricated from
HR45 foam.

Results: Interface Pressure. The results  of the  pressure
measurements of 1 I subjects are shown in Table 1. Mean
pressures, and peak pressure values of the cut -out side
(propulsion leg) and support side (affected limb) are listed.

FIg,2 segmented cush ion
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WHEELCHAIR CUSHION PROTOTYPES

The cut -out (propulsion) side had higher peak pressures in
2 of the 11 cases. A bilateral peak pressure difference of
> 10 mm Hg was found in 5 subjects. In 4 of these cases,
the support (affected) limb experienced the higher
pressure.

Results: Clinical Evaluation. Eleven subjects participated
in the c linical trails which varied in length from 4 to 7
days.

The therapists  judged that 6 of the 11 subjects could
achieve normal or near normal pos ture and balance; and
3 could approximate a normal posture.

Nine of 11 could propel a wheelchair independently with
a fair to good sitting posture. Three of these improved
propulsion ability on this test cushion when compared to
their regular cushion.

None of the subjects exhibited any skin redness during the
evaluation period.

Discussion. Pressure measurements were used to judge the
cushions ability to distribute pressure effectively and to
determine if the unilateral cutout induced a pelvic
obliquity. The results indicate that despite the difference
in leg support and the difference in the angle of the hips,
no significant variations occurred. This tends to support
the notion that the cushion did not induce an asymmetrical
posture in the subjects  tested. A pelvic obliquity would
have been indicated by a difference in the right and left
side pressure measurements.

In the few ins tances where a  pressure difference of over
10 mm Hg was recorded, the  higher pressure  was found
on the support (affected) limb. This might have resulted
from a decrease in loading under the thigh, caused by the
height of the footrest on the support side.

The results were quite encouraging. The pressures
measured at the buttock - cushion interface were generally
acceptable, and none of the subjects exhibited a  pelvic
obliquity as a result of the cushion design.

Table 1. Interface Pressures- Hemi Cushion
Peak Pressures

Mean Cut -out Support
eSll Diae Press Side, Side
M R -CVA 35.1 46 50
M R-CVA 55.2 98 98
M L -CVA 71.0 105 101
F L-CVA 41.3 44 79
M R -CVA 58.2 71 88
M L -CVA 46.9 93 63
F L -CVA 35.7 55 58
F R -CVA 40.0 57 66
F R -CVA 43.7 50 97
F R -CVA 38.1 47 54
F L -CVA 31.8 46 62

Clinical evaluation results were varied, yet encouraging.
Ten of the 11 subjects chose to continue using the hemi
cushion after conclusion of the study. Subjectively, they
reported easier management of the wheelchair with less
energy exertion and increased comfort.

This may signal a specialized use for this type of cushion.
The cushion was  des igned to provide wheelchair users
with better access to the ground for propulsion purposes,
while providing adequate cushioning under the buttocks.

The seat height of a wheelchair is usually 19 inches from
the floor. The addition of a wheelchair cushion will
increase this seat height another 1 -2 inches. This height
makes it difficult for a person to reach the ground. Hemi
height wheelchairs with a lower seat height are marketed
but may not be available to many people, especially those
people who use loaner wheelchairs during their recovery
in the hospital or rehabilitation facility.

If a person cannot reach the ground to propel adequately,
they often slide their buttocks forward in the seat,
allowing their hip to extend enough to reach the ground.
This maneuver often results in a sloughed kyphotic posture
which is generally unacceptable. The unilateral cutout
cushion was designed to allow a person to extend their hip
to reach the ground without having to slide forward on the
seat. As the results indicate, this was often the case, but
some subjects could still not maintain an erect posture.

In conclusion, this unilateral cutout cushion does seem to
have characteristics which may aid certain wheelchair
users. However, its efficacy must be determined on a case
by case basis.

HR28S5 Segmented cushion

Description. A 3" cushion, fabricated from HR2855 foam,
was  divided into 2" by 2" segments with 1 1/2" depth
(Figure 2).

Results: Interface Pressure. The results  of the  pressure
measurements  on the segmented HR2855 cushions are
shown in Table 2. The peak pressure range reflects the
highest recorded values on the right and left sides. Each
cushion showed substantial variation from subject to
subject.

Table 2. Pressure Evaluation - Segmented Cushion
Pressure (mm Hg)

St.
c Diaimosis Mean Dey

a

Peak

F mult trauma 45.7 17.5 79-85
F head injury 46.2 16.0 68 -83
M Guil. Barre 47.3 22.5 73 -126
M mult trauma 45.8 15.7 70 -76
M sci- incompl 63.5 32.0 127 -131
M sci - incompl 49.5 15.7 59 -80
F sci -compl 37.5 9.7 43 -56
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WHEELCHAIR CUSHION PROTOTYPES

The segmented foam cushions seemed to provide poor
support in two instances. The inability to provide proper
support in these cases may have been because the foam
bottomed -out under the patient's load.

In most cases, the pressures were quite adequate with
mean pressures in the 40 to 60 mm Hg range and peak
pressures in the 60 to 80 mm Hg range.

Results: Clinical Evaluation. Twelve forms were returned
during the evaluation period. Clinical trials ranged from
4 days to over 2 months. Subjects exhibited a variety of
physical disabilities including 3 CVA, 1 head injury, 4
SCI and 4 persons with other physical disabilities.

The subject's skin was clear in 10 cases. Two subjects
exhibited slight coloration but neither subject was removed
from the cushion due to prolonged redness.

Posture was reported as good in 9 subjects. The therapists
reported posture as fair in 3 cases.

Spasticity remained unaffected in all subjects.

All subjects reported a fair to good level of comfort while
seated on the cushion.

Transfers were unaffected in 10 subjects, but were slightly
hindered in 2 cases.

The ability to propel a wheelchair was unaffected in 11
cases. Propulsion seemed improved for one subject.

The cushion had no effect on the balance of 8 subjects.
Three subjects experienced improved balance, and balance
was compromised in one case.

Discussion. The clinical evaluation of the segmented
cushions produced very good results. The many different
types of people who clinically used this cushion seems to
infer a beneficial versatility of its design. The cushion did
not seem to have a consistent detrimental influence on any
of the clinical variables. As with most cushions, it seemed
to work better with some people than others, but overall,
the cushion performed quite well.

Four clinical variables; skin coloration, posture, effect on
spasticity, and comfort received judgements of adequate
to good for all 12 subjects.

The other three variables ; effect on transfers, effect on
propulsion, and balance received favorable ratings in over
80% of the cases.

Discussions with some participating therapists revealed
their overall satisfaction. They felt that this cushion
provided a nice stable sitting surface that was generally
comfortable to their patients.They also liked the versatility
of the cushion and the ability to modify the cushion easily
to provide additional pressure relief in certain areas.

Often the therapists felt that a patient would benefit from
a cut -out on the cushion surface. The segmented cushion
lends itself well  to this sort of modification. By using
scissors or an electric knife, a therapist  could eas ily
remove a few segments. The resulting depression in the
cushion's surface offers reduced loading on that area of
the buttock or thigh.

CONCLUSIONS

The goal of this project was to develop versatile,
inexpensive cushions that could be used with patients in an
acute hospital or rehabilitation facility, or could be used as
an everyday cushion by wheelchair users upon discharge.
These cushions were designed to offer an alterative to the
other foam cushions currently available, but was not
meant to be a  replacement to some of the high -cost,
adjustable or customized cushions.

In addition to designing these cushions to provide a safe
and functional seating surface, they were designed to be a
cost - effective alternative to other commercially- available
cushions. Span America (Greenville, SC) has begun
manufacturing both the Hemi Cushion and the segmented
cushion (marketed under the name Geomatt PRT Cushion).
The suggested retail price of the Hemi cushion is $19.25
and the Geomatt PRT is $22.50. Covers must be
purchased separately. Based on the pressure and clinical
evaluations, these cushions should be considered as cost -
effective options when evaluating client's for wheelchair
seating.
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CUSTOM MOLDED SUPINE, SIDE LYING, AND PRONE POSITIONERS

Kurt Harmala, Matt Gonzalez, Valerie Mussehnan, Donna Crawford, Steve Cielinski
Rehabilitation Technology Services/Rehabilitation Engineering Program

Department of Physical Medicine and Rehabilitation
University of Michigan

ABSTRACT

For severely involved clients with limited sitting tolerance,
alternative positioning is a concern. Because of
musculoskeletal limitations and /or spasticity, conventional
alternative positioning devices are frequently inadequate in
achieving and maintaining the desired alignment. Custom
molded positioners in supine, prone, or side lying provide
an alternative.

BACKGROUND /PROBLEM STATEMENT

For individuals with severe musculoskeletal deformities as a
result of cerebral palsy, brain injury or other conditions,
positioning is necessary to retain existing structural
alignment and joint mobility. For those who cannot sit for
long periods of time, successful positioning can be a
challenge. Prone, supine, and /or side -lying positions
provide other options to sitting. Common methods of
positioning people in the supine, side lying, and prone
position include pads, bean bags, and planar systems with
modular components. Another option is a custom molded
foam positioner which is fabricated using foam -in -place
technology(1). This type ofpositioning system can be
stationary or mounted on a mobile base. This paper focuses
on assessment for and fabrication ofcustom molded
horizontal positioning systems.

ASSESSMENT.

The client is usually referred as a result of a recognized
need to position the client in an alternate position to sitting.
An evaluation is done with an occupational and /or physical
therapist, technical seating specialist, parents and other care
providers. A custom molded alternative positioner is
considered only when commercially available items cannot
adequately support the patient because of the degree of
deformity and /or abnormal muscle tone. The desired
position is determined based upon the following factors:
primitive reflex influences, the effect ofposition on
distribution ofmuscle tone, postural alignment, and range
of motion. Below is a brief overview ofsome the indicators
for each position.

A molded supine positioner is chosen when the client
frequently lies in the supine position, but asymmetrical
extensor tone undesirably influences the position when they
are not supported well. Frequently there is an unstable hip
joint. These clients can not usually tolerate being
positioned in the prone position.

A molded side lying positioner is chosen when the client has
severe kyphoscoliosis of the spine and associated
deformities of the pelvis and lower extremities. In this case,
prone and supine positioning are not tolerated because of
the deformities and a commercial sidelyer may not be able
to provide adequate support.

A molded prone positioner is chosen when there are severe
hip flexor contractures and symmetrical support of the
trunk is desired. It also allows for more upright orientation
of the head and upper body to use available upper body
extension.

Once the client's position has been established, the
orientation of the positioning system must also be resolved.
This decision is based on the effectsofposition in space
upon the client and how the positioner is to be used. If the
positioning device is to be mounted on a mobile base, the
mounting specifications are also determined at this time.

A molding frame(2), which incorporates vacuum
consolidation techniques to hand form custom molded seats
and backs, must first be modified to achieve a seat to back
angle range ofapproximately ISO° to7300 . The angle
varies depending on whether the position is to be prone,
supine, or side - lying. The patient is transferred onto the
molding frame and manipulated until the desired position is
achieved.

When molding a person in a supine or side -lying position,
the seat -to -back angle varies between 150° and 1800 . The
seat on the molding frame is used to mold the pelvic area
and lower extremities while the back section is used to mold
the trunk and upper extremities (see figure 1).

Figure 1: 1500 -1800 seat to back angle
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CUSTOM MOLDED HORIZONTAL POSITIONERS

To mold a p rone po sitioner, an angle of 1800 or greater is
req uired o f the molding frame.  With o ur mo ld ing s ys tem,
the s eat s ection is  placed in a horizontal pos itio n and  the
back portion is pivoted  down for a seat to back angle of

greater than 1800 . In o rd er to properly align the frame for
prone pos itioning,  the seat  mus t be elevated  to be flush with
the back. T he b ack sec tion of the molding frame is used  to
shape the lower bod y, while the seat sectio n is used to
supp ort  the trunk horizontally. (see figure 2).

h

t

Figure 2: 1800 + seat to back angle

The molding frame is used  to form a po sitive mold whic h is
cast  with p las ter splinting material to p roduce a negative
mold. It  is  impo rtant to  ap ply the sp linting material over
the sides o f the mold down to the edges of the mo lding
frame.  T his  will c reate a flat and p arallel surface o n the
bottom of the negative mold , which is  essential for p roper
orientation of the finished pos itioner.

After the plaster cast has d ried  it is p repared for the
pouring of the liquid foam -in -place. Preparation consists of
smoothing the inside of the cas t and  coating it evenly with a
non s ynthetic releas e agent such as  paraffin wax.

Fabricatio n of the cushion involves p ouring liquid  foam-in-
plac e into  the prepared cas t (the exp ans ion of med ium
density fo am -in -place is app roximately thirteen times it's
original liq uid  vo lume). S heets of reinforc ed plastic are
clamp ed against the op en end o f the cas t to  control the flow
of the foam -in -place as it is  setting. This forces the foam
down so that trap ped gases will no t create a void.  It also
stops  the foam from rising beyond the ed ges s o that the
correct orientatio n is  ac hieved in the final p roduct.

After the foam sets, it is  remo ved from the cast  and
mounted to  a firm base.  T his makes the p os itioner
inflexible so that  its shape will not b e d isto rted. When
making a side lying positioner,  it is necessary to supp ort the
patient alo ng the back as  well as the s ide.  In this c ase the
base will consist of two p lanar s urfaces, perp endicular to
each other. The vert ical surface of the bas e extends behind
the patient so that a foam -in -place back can be formed from
a bag.  The conto ured b ack allows  some of the weight -
bearing to be distributed to the patient 's back as well as  the

side if they are to be tilted.

Positioning straps are attac hed to the b ase and
modifications s hould be made if they are need ed. Onc e the
desired  positioning is achieved, the cushion sho uld be
app rop riately finished to make it  durab le,  aesthetically
pleasing, and waterpro of when ap pro priate. This is
accomplished at our facility by vinyl- coating the

positio ner(3).

DISCUSSION

Positio ning outside o f a seating system is  recognized by
rehabilitat ion p rofess io nals as an imp ortant p art o f the
therapy pro gram for individuals who c anno t s it for long
period s o f time. The t ime s pent o ut of the c hair is no
longer viewed as rest , b ut an important p art  of the d ay.  A
custom molded  alternative pos itioning d evice may be
beneficial to a persons body s tructure, jo int mo bility, and
organ functio ning.  It  c an also augment or s upp lant the use
of extremity splints and  orthoses b y providing the desired
sup port and alignment of bo dy parts . T he pos itioner c an
also  be designed  to supp ort other therap eutic ob jectives
such as visual attending, switch access, and positioning for

feed ing.

When a client has  multip le care providers, an advantage o f a
custom positio ner is that  it  ensures c onsistent o ptimal
pos itioning with minimal plac ement of separate p ositioning
elements. The training req uired for the care givers  is  b rief
and easily s uppo rted  by photographs.

Therap ists and family members of clients have reported  that
pain, musc le s pas ms,  irregular respiration and digestion
prob lems are often decreas ed with the use of a horizontal
pos itioner. More empirical evidence is  nec ess ary to
increase the unders tand ing o f the effects  of p osit ioning on

bodily functions.
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A MULTIFUNCTIONAL NAPE JOYSTICK

Massimo Ferrario, Marco Lodola
Servirlo Informazioni a Valniazione Ausili

Foudazione Don Carlo Cnocehi
Milano, Italy

During an experimental project
financed by the Region of Lombardy,
Italy, we tried to identify some solution
for the independence of severe
quadriplegic persons.
(Owing to the necessity we had to solve
a lot of problems, both technical and
psicological.
In this paper we would like to present a
simple method for the construction of
a multifunctional nape joystick.

BACKGROUND
A short practical test at Marco's home (Marco is a
quadriplegic C4-05) gave us the chance to identify
someproblemsrelated totheuse of differ entmodels of
chinjoystick. He showed the frequentneed to perform
very pronounced trunk passive flections to limit the
discomforts that are not felt, but perceived, due to the
traumatic lesion of the cervical spine.
It looks likethese discomfortable feelings areprovoked
also bykeepingfor a variable time span a practically
erected position of the body. They occur with an
intensive perspiration, afeeling of need of movement
due to a sensation of stiffness of the spine, a light
dizziness.
The presence in a front position, near the face, ofthe
chinjoystick, even if relatively small, hampers, without
firstproceedingto move it Marco's trunkflection, and
furthermore limits the possibilities to take ad- vantage
of the residual flection and rotation head movements,
needed to operate thekeyboard of apersonal compu-
ter and an amplified telephone, bymeans of astickheld
inthemouth. Finally, Marco clearly andmeaningfully
stated his fee -ling of discomfort for the presence of a
box interposed as a partition screen between himself
and another person during a conversation.
Fromwhat above we understood that Marco's feeling
was of something that hides, protects, avoids that one
can expose himself by clearly showing one's face,

almost as this chin joystickinfront of his face limit by its
own a chance of rela -tion atthe same level, as if itwere
identified as an invalidating tool
At the same time Marco referred a second discomfort
related to his need to verbalize, greatly limited since
he had to control all the little movements of his chin in
order to avoid to perform undesired movements with
the wheelchair.
OBJECTIVES
These problems led us  to look for e lectronic
wheelchairs with agape joystick control, to tryto avoid
theuse of almost allthe flectionmovements ofthe head,
and take the greatest advantage of the extension,
rotation and lateral flection possibilities.
We could identify a little number of wheelchairs com-
plete with nape joystick, that as for Marco's needs,
showed some defects, particularly related to their
overall dimensions.
METHOD APPROACH
We therefore proceeded and requested to construct
a custom -made electronic wheelchair and to realize a
prototype of a joystick that can operate it by using
limited nape movements.
Marco expressed the following needs:
- 1 a wheelchair allowing the autonomous control,
evenif of few degrees eachtime, of the bending angle
of the back of the seat, in order to be able to vary by
himself the sitting position.
-2 allowinghimto reach ap ositionnear tothe horizontal
to relax during some moments ofthe daywithoutbeing
compelled to move from the wheelchair to the bed
-3 allowinghim to reach in an autonomous manner the
upright position, since it encourages many organic
functions
-4 he finally stated thatmost ofthe use ofthe wheelchair
would be inside the house, admitting also the possibility
of use outside.
The construction ofthe custom -made wheelchair was
requested to an Italian firm, and allows, in its standard
version, the simultaneous variation of the inclination of
the back ofthe seat and of the footboards, untilasemi-
lying position, and, going back through the sitting
position, the modification of the seatindination, raising
at the same time the back of the seat into a vertical
position, to achieve the assisted upright position.
The movement can be stopped anytime, and allows to
run evenfew degrees eachtime.
A peculiarity we would underline is referred to the
p ossibilifyto move, byme ans of the wheelchairjoystick,
regardless of the positions ofthe seat the back and the
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footboards, especially on smooth floors.
When requesting the custom -made construction, we
included the reduction of fhe overallwidthfr om 62 cm
to approx. 51, more suitable for transit in smallrooms.
In SIVA's laboratory, we performed:
- a substantial electronic modification regarding the
addition of a second joystick for the nape control;
serially connected to the one equipped;
- and the mechanical adaptations for the support and
positioning of the 2 joysticks and the microswitches.
Following functional tests, we realized Marco's
impossibilityto move the standard joystick corr ectly, if
this was just moved on the back of his head and
equipped with a small cushion instead of the cloque
ball -grip. We therefore constructed a small foam -lined
wrapping headrest.
The structure of the standard joystickis however not
conceived to support an additional weight even if
small, therefore we constructed a small support for the
headrest, Moreover, in the practical realization, we
took into account to facilitate the return movement of
the joystickto the zero position.
We took into account then the possibility to use the
headrest support itself also as movement fulcrum, and
to integr ate it by ad -ding pr oper springs for its report
to zero, regardless fromthe structure of the joystick.
In order to avoid rais ing and depression head
movements, the  headrest is a llowed only two
movements: forward - backward and lateral.
The headrest structure was r ealizedwith an aluminium
strap, bent of a radius of 150 mm, with atapped hole at
its centre.
Here a steel rod, of the overall length of 250 mm, was
inserted and fixed, crossingthe headrest support inits
forward - backward direction and ersdingwith a second
threading.
The function of the latter is to support a ring inside
which the joystickmetal lever is ins erted, ft ee from the
upper ball -grip.
By means of this construction, the extension of the
head moves the headrest backwards and transmits a
stroke of the same size to the lever of the joystick, that
varies its inclination, thus controlling the final speed.
A compression spring inserted onto the steel rod in an
intermediate position between the headrest and the
fulcrum support brings back the headrest into zero
position.
To facilitate such a movement, important also for
emergency breaking, the springhas arelativelyhigh
hardness and is always kept in light compression by
means of the insertion of a steel pin in a hole made
between the fulcrum support and the joystick.

A second steelrod parallel to the first, and integralto it,
allows to greatly limit the inclination movements of the
headrest.
The two rods were inserted into two parallel holes
made onto an aluminiumparallelepipedon, supported
by a brass circular base - plate.
Two small springs and an elasticpin, respectivelyfitted
into a milling onto the circular base -plate and into the
parallelepipedon, allowthe r eturnto zero of thelateral
movements of the headrest.
The direction control takes then place by means of a
later alfle ction of the h e ad, l ater ally moving the he adr a st.
This movement too is transmitted to the joystick in a
similar manner to what described above.
In Marco's case the ratio the more correct for the
distance between headrest, fulcrum support rotation
axis and joystick must be near 111 (the distance
betweenjoystick and fulcrummustbe multiplied by 1.2
to get the measure fulcrum / headrest).
Again on lateral position, but more forward and lower
with respectto the headrest, near the chin, we installed
two supports for the three sensors needed to run the
wheelchair.
The first one is a switch allowing to turn on the whole
system, the second a knob controlling a  relais
simultaneous ly reversing the  tension polarity
transmitted tothetwomotors, the third aknob excluding
the motors and putting the motors for bending and
verticality in circuit.
The trade name of the standard joystick used for the
movement of the wheelchair is "Elettronico A/S".
Itis equipped withtwo positions, UP and LAXDOWN.
These two functions correspond to the variation of
back, seat footrests.
The main assumption for our design of the electronic
modifications was the necessary safety: Marco is
completely unable to vary by himself the position of
the four limbs and the trunk.
We theTefoTejudged necessaryto be able to easilycut
out all the operationpossibilities of the nape joystick,
by means of the operation of the manual joystick.
For the production of the prototype I required the
installation of a second box onto the wheelchair
containing a double governor joystick.
Moreover we reques ted the cons truction of the
connections needed to operate the following control

sensors:
a. a master switch for the on/off function of the whole
nape electronic kit
b. a shunt switch to reverse the tens ion polarity
transmitted onto the motors (this allows reversing)
c. a shunt switchto insert either the joystick or the two
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microswitches that allow the operation of the electric
motors for the functions UP- LAY DOWN.
Moreover, a little contr olpartel for the on/off functions
was provided in such a position to be easily in sight of
the patient. Such a panel was equipped with:
a. a five led bar with the double function of showing
that the nape kit is on, and the charge level of the
batteries,
b. ared led: forward engaged
c. a green led: backward engaged
d. a yellow led: function UP / LAY DOWN.
The main purpose of the electronic circuit, is to allow
to operate the head controls independently from the
manual ones and vice- versa, boing sure that switching
on the manual joystick the contr ol circuits of the nape
joy -stick are opened.
The nape controls are possible bymeans of the master
switch, only if the master switch of the Elettronico AIS
is in OFF position.
When nape controls are made possible, one can set
the forward or backward control, by means of the
FWD /BKWD switch.
The I relais swaps the supply line cables of the nape
joystick, thus allowing reversing.
Allfunctions cabbe choosen giventhat the wheelchair
is not moving and that the joystick lever is in zero
position.
The signal MASTER ON fr omthe controlbox isinf act
at low tension when the wheelchair is moving, s o the
action of the FWD /BKWD switch would carry a low
tension signal to the IClintegrated circuifin active flip-
flop configura -tion.
The same applies to the CHANGE FUNCTION 2
switch. Finally, in its standard version, the Elettronico
A/S has apTOtecliOnto avoid accidental movements: if
the master switch isput on ON while the joystick is not
in zero position, the wheelchair does not move at all.
To operate the motors it is necessary to go back to the
zero position for a short while and then operate the
joystick again.
RESULTS
The construction of the prototype was meant for the
actual possibility to use it by Marco, who at present,
thanks to the practical realization of the rdedand the
many small modifications performed, manages to
control the variations in position and to move around
by himse lf,  thu s  re aching a  great er p erso nal
independence than before.
Base oiterionfoT our action was to search the highest
construction semplicity as possible, and at the same
time the realization of all the safety systems necessary
to grant Marco and his family confidence.

DISCUSSION
Adapting and installing the mechanic and electronic
components required about two days.
The training took about one hour, needed to explain
the user the different functions ofthe components and
to feel completely comfortable about thepo sitioning of
the different switches.
Marco immediately started to drive the wheelchair,
with a good control of the movements even in the
relatively small spare at his disposal.
Construction costs for the prototype are about 6,500.00
USD for differentmaterials, construction and installation
of the second joystick, later modifications performed
onto the first version.
To this we have obviously to add the cost of the
electronic wheelchair, about 10,500.00 USD in its
standard version at this date.
Itis instead rather difficult to quantifythe working time
needed for the  development of the described
prototype.
DISCUSSION
The referred costs can surely be reduced following a
m.assproduction, evenlimited, or avoidingto install a
second joystick and using the one provided by the
producer.
In such a case the mechanic modification should take
into accountthe extraction ofthe ball -grip ofthejoystick
and thepossibililyto move vertically the boxcontaining
it, the electronic one, the installation of a master switch
control -ling at relais for the polarity inversion of the
motors.
The relais must be installed just before !he motors. In
this case the mechanical costs are keptunvaried, while
the electronic ones can be reduced to approx. 250
USD.
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MECHANICAL READ SWITCH RECLINE INTERFACE

Chip Fiske
She pherd  S pinal  Ce nt er

ABST RACT
T he d es ign o f  a head o p erated rec line devic e as a n
Inexp ensive o p tio n fo r us e with C3 -5 level q uad rip legia
and  s elec t  c lients  with c ere b ral p als y  is  p res e nted .  T he
d evic e  inter fac es  with t he LaBuc  p o wer rec line s ys tem
and is co mp atib le with ad jus tments on the LaBac
head res t . Cus tom variatio ns  of the d evice can b e mad e to
interfac e with o ther types of headres ts .

BACKGROUND
Perso ns with C3 -5 s p inal c ord  injuries  need  to  rec line o r
t ill fo r weight s hifts .  S o me c lient s  with s eve re c ereb ral
p a ls y may  a ls o  h a ve  t h e ne e d  to  t i lt  fo r c o mfo r t  an d
pos it ioning. In so me cases there is a need fo r a n
inexpens ive head  d evic e whic h will o perate the rec line o r
tilt o f  th e wheelc hair. O th er c l ien ts exp erienc e so me
dis co mfo rt with the c o mmerc ially availab le head

switches.

S T AT EMENT  OF  P ROBL EM/RAT IONALE
Ind iv id ua ls  who  u s e t ap e s wit c hes  o n the head res t  are
fac ed  with c ertain d ilemmas .  T hes e s witc hes  req uire an
elec tro nic interfac e b o x to op erate the po wer rec line
s ys te m.  T he t ap e s wit c hes  are expens ive bec aus e they
require an elec tronic bo x o r Interfac e.  Ad ditio nally, s ome
patients  exp res s disco mfort  o n the b uc k o f the head where
tap e s witc hes  are at tac hed .  T he mec hanic al head  s witc h
eliminates  the need  fo r tap e s witc hes .  It  at tac hes  to  the
exis t ing h ead r es t  a nd  interf ac es  with  the to gg le s witc h
that is s tand ard with the rec line system. Ano ther
advantage or the mechanical head switch is aduptability.
The toggle switch can easily be remounted as an elbow
operated switch or a leg operated switch. This is  a
tremendous advantage for quadriplegics who regain some
arm movement.

DESIGN /DEVELOPMENT
The concept for design s tarted with a need for a  link
between the head and the recline toggle switch. First, the
toggle switch was mounted on back of the LaBac headrest
bracket at a right angle to the top plane of the bracket.
Aluminum channel stock Is then used to link the toggle
switch with the headrest. This stock is attached to the top
plane of the bracket using the existing adjustment knob
hole and a  5/16 bolt. The res t of the head switch is
customized according to the type of headrest used. The
standard mount used is  for the  LaBac headrest. This
consists of a fabricated aluminum channel angle bracket
with holes drilled for adjustments up /down and
forward/backward. Attached to the angle bracket is a U-
shaped bracket made of 1/2 inch aluminum bar and
Kydex formed to fit the shape of the headrest and the
head of the person. T -foam is used on the ends of the U-
shaped bracket for comfort. Precision is important when
fabricating this device so that minimal movement of the
person's head is required to activate the switch. To
enhance the device, a small on/off switch can be installed

P2.20

in t he t o gg le s witc h b o x t o  ac tiv ate and  d ea c tiv ate the
mec hanic al head  switc h.

EVALUAT ION/DIS CUS S ION
The firs t  p ers o n evaluated  had  a C  -4 s p inal co rd  injury.
T he mec hanic al head switc h rec line wo rked well.
Ifo wever,  p o s it io n o n the head  was  c rit ic al as  we fo und
that c o ntac t with the U- shaped b rac ket  c o uld be lost
when rec lining in the LaBac 0 -shear sys tem. By
mo unting the b racket as lo w as  p os sible on the top  p art of
the he ad ,  t his  p r o b lem was  alleviated .  T he n ext p ers o n
evaluated  was  a C  -5 injury and was  a greut s uc c es s with
the head switc h. Finally we evaluated two p ed iatric
p a t ie n ts .  O n e h ad  a C 34  in jur y  a n d  t he  o t h er  ha d  C 4
level trans vers e myelit is .  Bo th were us ing t ilt  - in- s p ac e
po wer chairs . Tilt -in -space wo rks well because the
co ntac t  p o int  b etween the b rac ket and  the head  do es  no t
change. In c onc lus io n, the mec hanic al head  s witc h rec line
c an be used In many cases by follo wing c ertain
guidelines : use prec is io n when fab ric ating the head
s witc h and  us e c areful  p o s it io nin g o f the U-  b rac ket o n
the head .
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TOWARD THE DEVELOPMENT OF

AN ADJUSTABLE FORWARD TII.TED SCHOOL CHAIR

A. Shany, J. Bowles, G. Skidmore, S. Ryan,
The Hugh MacMillan Rehabilitation Centre

Toronto, Ontario, Canada

Abstract

The objective of this project is to provide a functional
seating solution for school children who use
wheelchairs. Working posture as well as independent
mobility and independent transfer to and from the
chair are an essential combination of functions not
offered by existing types of school chairs.

To create a chair which offers children the above
characteristics, a prototype school chair was
developed. It has an adjustable height to fit children
ages 5 -15 and an adjustable seat angle of 0 ° -10°
forward tilt. The design also facilitates independent
mobility through the provision of castors.

The prototype was evaluated with the assistance of
seven students, their teachers and clinicians, in  a
classroom setting. The population included children
with cerebral palsy, spina bifida and head injury. The
children performed various class activities such as
writing, reading, keyboarding, doing artwork while
seated in the prototype chair at a variety of desks.

From the initial evaluation, advantages of the chair
are: achieving an appropriate working posture,
comfort of seating, independent self- positioning,
ability to move about the classroom.

Background

In reviewing the activities of students in the
classroom, it was found that students either transfer to
a regular chair or remain in wheelchairs. No
"standard" chair was used: a variety of plastic and
wood chairs were common. Clinical team members
found that functioning was inhibited and performance
appeared compromised as a result.

School activities require seating postures different
from those offered by a wheelchair. In a working
posture, the body is reclined forward toward the desk
and the hands should be able to function (writing,
keyboarding, etc.). While occupied with these tasks,
the student cannot easily use his /  her hands or
forearms to support the upper body.

Other areas of concern voiced in discussion with
teachers and school therapists regarding the design

criteria for a school chair included:

The psychological effect. In regular schools, self
image among peers is extremely important for the
student. Disabled children would like to sit just like
other children, on a chair which is similar to other
chairs yet having support and comfort as needed.
Since they are in a sitting position most of the time,
their position is usually lower than other children's
position. Independence is a part of a child's social
status; it is important to encourage independent
functioning.

Mobility. The student with a physical disability
needs, like other students, to be able to move within
the classroom. The available classroom space is
limited and obstacles make it difficult to manoeuvre.
The smaller a chair is, the better. This also relates to
the psychological effect mentioned previously;
therefore the style and appearance of the chair must
be considered.

Comfort. • The student with a physical disability may
spend much more time than the able bodied student
in a seated position.

Development

Based upon the needs described above and upon
research dealing with posture and proper
characteristics of school furniture (1,2), a prototype
chair was designed which included the following
characteristics:

1) Adjustable height - Based upon ergonometric
data, seat height is adjustable from 13.5" to 21.0 ". A
simple mechanism enables the teacher to adjust the
chair's height.

2) Adjustable angle - There are three optional
positions for the seat angle: 0° (level), 5° or 10°
forward tilt. Adjustment is done easily using the same
mechanism as the height adjustment.

3) Side supports - Built into the chair's structure
are side boards which function as hip supports and
help the child maintain support in the chair. There are
no forearm supports: these were found to be
unnecessary due to the posture obtained.
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4) Mobility - Four castors are provided at the
base of the chair to facilitate mobility. Each has a
built -in brake which can be activated either by foot or
hand to help position and stabilize the chair.

5) Cushion - This consist of a plywood base and
two layers of foam: 1 /4" thick high density
polyethylene foam and 1" low density foam. The seat
cover is a high friction naugahyde, used to prevent
sliding forward.

6) Back support - A minimal and flat back
support is supplied, (8" high) with 1/4" high density
foam, with the same finish as the seat cushion. Three
optional positions allow for a seat depth of 11," 13,"
or 15 ".

7) Appearance - The chair is made of laminated
plywood, designed to match other commercial work
surfaces so as to create a working station. The
lamination colour is grey; plastic trim is provided in
a variety of colours as a custom accent to the chair.

8) Options - A 450 lap belt provides extra
security.

The seven subjects chosen for the study presented
with a number of diagnoses including: cerebral palsy
(4), spina bifida (1), and head injury (2). Subjects
were between the ages of 7 -12 years. The subjects
were able to: a) maintain their feet in supportive
position; b) benefit from functional extension of the
trunk that the chair imposed.

Method

A "pre- prototype" chair was built and critiqued by
occupational therapists. Following their critique
(different cushion, handles, built -in brakes), this
version was modified to include their suggestions.

Before, as well as during the evaluation stage, the
teacher and the teaching assistant were instructed in
technical details such as height and angle adjustment.
Reasons for and advantages of the forward tilted
posture were fully outlined.

Each student used the seat for at least one week.
Candidates were selected by the project occupational
therapist, the class therapist and teacher. The chair
was evaluated in grade 4 -5 with children of 10 -12
years of age, and grade 1 -2 with children aged 7 -8.

During the first classroom placement only (grade 4-
5), the children used the chair for more than two
weeks each.

In both classes the children performed various class
activities such as writing, reading, keyboarding, doing
artwork while seated in the prototype chair, at a
variety of adjustable desks.

No of re sponses

z 7 4 6
no t  a t  a l l ve ry  muc h

Figure 1. Responses to the question: "Did the child
feel comfortable in the chair? "

t a 6 4 s

not at all very much

Figure 2. Responses to the question: "Do you feel
the chair improved the child's position?"

Results

All children selected for the study willingly used the
chair during their trial periods. The chair was used
all day for intervals of 30 -60 minutes. All students
used the 5

0 forward tilt. (It had been recommended
to start at 100 , and if such an angle proved too
difficult, move to 5 °). All responses regarding the
appearance, weight and stability of the chair were
positive. Results of the evaluation are quantified in
Figures 1 -2.
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An Adjustable Forward Tilted School Chair

Conclusions

Results of initial evaluation showed that advantages
of the chair are: achieving an appropriate working
posture; comfort of seating; independent self -
positioning; ability to move more easily about the
classroom. Comments from staff were related to: a)
good functional posture, which was described as
"upright positioning ", "keeps the child's midline ",
etc., and: b) the ability to move around the classroom,
seen as an advantage in all the evaluations.
Recommendations for improvement included: a need
for handles when moving; a need for friction on the
castors to prevent sliding on some types of floors;
and a problem which arose among the younger
children for whom the side boards of the chair were
too high to fit beneath primary sized desks and/or
tables. The need to continue the development was
suggested. It may be necessary to produce two sizes
of chairs, for children nominally aged 5 -10 years and
10 -15 years, because seating must allow for height
adjustment which enables partial support as well as
mobility.
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T h e  L o r d o s i m e t e r :  A  N e w  M e t h o d  t o  C o n t i n u o u s l y  M e a s u r e  L u m b a r  C u r v a t u r e
in  t h e  S e a t e d  E n v i r o n m e n t .

Hannu Alaranta, Kevin P. Coleman, Steven M. Reinecke
Vermont Rehabilitation Engineering Center

University of Vermont

A B S T R A C T

A unique Cool has been developed to
overco me the  probl em of  measu ring l umbar
curvature: The Lordosimeter. The purpose
of this study was to build a device which
can continuously measure lumbar curvature
with su bjects either  standi ng or s itting
and to validate the lordosimeter with
templates and the Flexible ruler technique.
Repeated testing with the templates of
known curvature indicated a linear relation
with accuracy to within 0.05 percent. For
validation the lumbar Qurvature of twenty
subjects were measured in five defined
positions. Result s ind icate  that there
exists a straight line relationship between
the output of the lordosimeter an d th e
flexible ruler. The correlation
coefficients fo r  t h e rel ati ons hip  ha d a
minimum of 0.96.

B A C K G R O U N D

A better understanding of the kinematics of
the back in seated postures should provide
insight into the relationship between
posture and low back pain. Additionally,
the  a bi li ty  t o me as ur e th e lu mb ar  s pi ne
curvature and pelvic orientation of a
seated subject would provide the basis for
improving seating, particularly in the work
environment. However, present techniques
for measuring pelvic motion and lumbar
curvature are of limited utility when
subjects are seated and leaning against a
backrest, since their backs cannot be
observed or accessed. At the Vermont
Rehabilitation Engineering Center a unique
too l ha s be en  de ve lo pe d to  ov er co me  t he
problem of measuring lumbar curvature: The
Lordosimeter.

O B J E C T I V E

The purpose of this study was:
1) to build a device which can continuously

measure lumbar curvature with subjects
either standing or sitting;

2) to validate the lordosimeter with
templates and the flexible ruler
technique.

M A T E R I A L S

Lordosimeter

The desi gn crite ria for the Lord osimeter
require d a non invasi ve devi ce that  would
continuously measure lumbar curvatures with
subjects either standing or sitting.
Practical considerations that affected the
design of the device were the following:
1. The device would have to overcome the

problem of measuring lumbar motion when
a subject leans against a backrest;

2. It would be necessary to affix a
transducer to the back, without it
being affected by skin distraction;

3. Shear forces between the subject's back
and the backrest (during movement)
would have to be minimized;

4. The device would have to be both thin
and comfortable, and could not affect
normal motion;

5. The device could not be affected by
pressure deriving from the force of the
back against a backrest.

The Lordosimeter consists of several thin
layers of material with an overall
thickness of 5.1 mm. It is 25 mm wide and
230 mm long. It contains two strain gauges,
that p roduce  a cha nge i n resi stance  when
either elongated or contracted. The
outcom e mea sureme nt is  D.C. voltage. A
lycra covering is  u s e d  t o  mi n i m i z e  a n y
adhesion to the back.

Before testing, the subject is fitted with
the Lordosimeter. The base is attached at
the sac rum at the le vel of the pos terior
superior iliac spine (PSIS) with surgical
tape. In full flexion, the lordosimeter
extends to T12. The  to p p or tio n o f t he
Lordosimeter is held in place against the
back by a strip of fabric attached to the
skin on both sides. This fabric "bridge"
al lo ws  t he  d ev ic e to  s li de  u nd er  i t an d
against the skin, therefore minimizing any
skin distraction. As the subject's lumbar
curve changes, the flex ible  rul er, held
close to the back, measures that change.

M E T H O D S  A N D  R E S U L T S

Validation with Templates

To ve ri fy  t ha t th e Lo rd os im et er  g iv es  a
linear output for variations in curvatures,
ten curved "templates" were fabricated.
These templates ranged from a 1500mm radius
of convex curvature to a 1500 mm radius of
concave curvature. The Lordosimeter was
placed on the template and compressed while
recording the voltage. Repeated testing
indicated a linear relation with accuracy
to within 0.05 percent.

Validation with Flexible Ruler

To validate the Lordosimeter a comparison
to a well know n technique w as performed.
The flexible ruler technique is the
National Institute for Occupational Safety
and Health (NIOSH) standard measurement
technique for curvature of the lumbar
spine. It is described fully in the "NIOSH
Low Bac k Atlas  of St andardi zed Tes ts and
Measures". We used a modi fied technique
described by Burton (1966). The examiner
locates the spinous process of S2 and T12
and marks the locations. The flexible ruler
is plac ed agai nst th e sutje ct's ba ck and
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The Lordosimeter

conformed to the subject's lumbar spine and
the landmarks are marked on the ruler. The
sha pe is the n t ran sf err ed to a r eco rdi ng
form. Tangents are drawn on the curves at
the S2 and T12 points. The angles formed
by  th e  in t er s e ct i on  o f t he  t an g en t s  a r e
measured.

Twenty volunteer subjects were recruited,
10 females and 10 males.

For validation the lumbar curvature of each
subject was measured in five defined
positions:

1. Sitting (spine in full flexion)
2. Prone with pillows under the stomach
3. Flat prone
4. "Semi- cobra"
5. "Full cobra" (spine in full

extension)

The position "Semi- cobra" is the arched -up
position assumed lying prone on an
examination table while supporting the
weight of the trunk with the elbows on the
table and humerus perpendicular to the
table, pelvis  as l ow as  poss ible. "Full
Cobra" is the ma ximal arched -up posture
with elbows extended fully.

Measurements were randomized and the values
of the Lordosimeter and the flexible ruler
were recorded at the same time in each

position.

Results indicate that there exists a
straight line relationship between the
output of the lordosimeter and the flexible
ruler. The correlation coefficients for
the relationship had a minimum of 0.96.

CONCLUSIONS

Fr om  t hi s st ud y we  h av e se en  t ha t it  i s
possible to measure lumbar curvature with
the lordosimeter. Th e  m e t ho d  h a s been
shown to be accurate when compared to the
standard measuring procedure, the flexible
ruler technique. It  i s ho pe d th at  t hi s
device will now allow us to measure lumbar
curvature in the seated environment.

LITERATURE

Burton AK (1986): Regional Lumbar sagittal
mobility; measurement by flexicurves.
Clinical Biomechanics 1:20 -26.

NIOSH Low Back Atlas of Standardized Tests
and Measures, 1987, National Institute for
Occupational Safety and Health.

Address:

Vermont Rehabilitation Engineering Center
One South Prospect Street
Burlington VT 05401

532 RESNA International '92 . June 6 -11, 1992



P2.23
Development of Indoor Wheelchair Mainly Made of Wood

Hiroshi Nashihara, Katsuzo Sh i zuku i sh i
Department of Industrial Design Tohoku Institute of Technology

Sendai, Japan

Introduction

If wood were to be used industrially as

the  pr ima ry co nst ruc tio n mat eri al of

whee lch air s, w ood  sh oul d im par t m any

available properties to them. The ratio

of  i nt e n si t y  to  s pe c i fi c  p ra v i ty  o f

w o o d  i s  h i g h e r  t h a n  t h a t  o f  s t e e l .

W o o d  h a s  s u p e r i o r  h e a t  r e t a i n i n g ,

h y g r o s c o p i c  a n d  s o u n d  a b s o r b i n g

properties. When a wooden wheelchair

is use d in th e h om e, it wo uld  b ett er

blend with the interior environment. It

wi l l h a ve  a  m o r e i n te r i or ,  so f t  a n d

warm image.

We wor ked  fr om thi s p ers pec tiv e. We

ha v e  de v e l op e d  an  i n do o r  wh e e l ch a i r
mainly made of wood, since 1988. This

development is near the practical use

stage now. In this report, we explain

this research, and clarify the problems

for practical use.

objectives

T h i s  d e v e l o p m e n t  h a s  t w o  a i m s . A

wheelchair is a device to aid walking

a n d  i t  i s  a  c h a i r . A s  t h e  f i r s t

reuisite, this wheelchair must have the

suitable functions and efficiencies to

be fitted to the interior environment in

the home and must have a good interior

image. On th e oth er  h and , wo ods  a re

pro duc ed  in  t he re spe cti ve  di st ric ts

an d  ar e  a  r e n e wa b l e  r e s o ur c e . If a

region were to have a woodworking shop,

wooden wheelchairs for the indegenous

handicapped may be produced locally.

Meanwhile, if the already widely managed

pr o d u ce r s  of  w h ee l c h ai r s  at  p r es e n t

sho ul d i nt ro duc e woo de n,  ha nd cra ft ed

p r o d u c t s , t h e y  m a y  p r o d u c e  w o o d e n

wheelchairs, as a usual product line.

That is, to say, the second aim is the

establishment of a production method.

Wood Working

We have applied the laminated forming

technique to produce wooden parts. This

t e c h n i q u e  u s e s  1 0  -  1 5  s h e e t s  o f

laminated wood about 1.5 mm - 2.0 mm in

t h i c k n e s s  a t t a c h e d  b y  b o n d i n g  w i t h

adhesive and pressed in wooden molds.

Be e ch  w as  u se d . Be e ch  h as  su p e ri o r

b e n d i n g  p r o p e r t i e s . I t s  s p e c i f i c

gra vit y i s 0 .7. For min g p re ssu re is

about 15kg /cm'. Urea resin was used as

the adhesive. After forming, the parts

ar e  f i n is h e d  b y p l a n e  o r  a  f il e ,  o r

es p e c i al l y  b y  l a t h e . Th i s w or k  w a s

don e on  a n e xp er im ent al  b as is at  o ur

woo dwo rk  st ud io in ou r c ol leg e. For

parctical use, this work willhave to be

done at woodworking shops that use the

laminated forming technique in Japan.

Th i s  l a m in a t e d  f o rm i n g  t e c hn i q u e  i s

generally applied to chairs, tables and

furniture now.

Outline of Wheelchair

We sta rt ed thi s res erc h in 198 8. We

mad e a n ori gi nal  w hee lch ai r i n 198 9.

T h i s  t r i a l  h a d  m a n y  p r o b l e m s  f o r

practical use. Even since, improvements

we r e  m a d e  o n e  af t e r a n o th e r . Up to

this point, we have made it over three

times on an experimental basis. Every

time we made it, we experimented with

i t s  u s e w i t h  t h e  a i d  o f  s e v e r a l

h a d i c a p p e d  p e o p l e . W e  f o u n d  m a n y

points of possible improvement. Now,

we  h a v e  a p p r o a ch e d  t o  p r a c t i ca l  u s e

stage. We are  c lar if yin g pro du cti on

design specification.

The  o ut lin e of  o ur wo od en wheelchair
finally produced is as follows:

(1) Wooden parts by laminated forming

technique are frame, hand rim, arm rest,

sea t ba ck , an d se at  b ot to m. Driving

wheels and casters are not wooden parts
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and they are available on the market

(2) The size of the wheelchair is 970

mm in lengt h, 61 5 mm i n wid th, 8 80 mm

in height. It is c apable  of ma king a

sma ll tur n. Its size  will be  fitting

f o r  a n  i n t e r i o r  s p a c e . Bo t to m  se a t

height is about 430 mm at the center of

gravity. Its height is fitted to a bed,

toilet, dining table etc.

(3) The wheelchair couldn't be folded

up. But, driving wheels can be removed.

Th e w he e l c ha ir  wi l l b e ab l e t o l oa d

small in a car.

( 4 ) S e a t  b o t t o m  a n d  s e a t  b a c k  a r e

c o n s t r u c t e d  w i t h  l a m i n a t e d  w o o d e n

plates and cushions. They will give to

the physically handicapped good quality

and comfort. Width and length of them

is determined by body size.

( 5 ) Th e  f r a m e  s i z e  i s  d e c i d e d  i n  a

sitting posture. The seating angle is

decid ed in  a li ght w orkin g pos ture.

According to the physically handicapped

persons' requirements, seating angle can

be adjusted from 92 • to 115 •.

( 6 ) D r i v i n g  w h e e l s  a n d  c a s t e r s  a r e

joined with the wooden frame, comprising

several metallic parts. the functions

a n d  e f f i c i e n c i e s  o n  d r i v i n g  w i l l  b e

satisfied.

(7 ) Wooden hand r ims hav e a ci rcular

s h a p e . Th e y  a r e  j o i n e d  d i r e c t l y  t o

dr iv i ng  w h ee l  r im s  b y  s cr e ws . Their

sect iona l sh ape  has  bee n i nves tiga ted

under the condition of driving fitness.

I t  i s  n o t  a  s i m p l e  c i r c l e . Th ei r

shape is finished by lathe or numerical

control machine.

(8) Total w eight is abou t 15 k g now.

From now on, lightweight models will be

i n v e s t i g a t e d . W e  s u p p o s e  t h a t  i t s

weight will finally come to about 12 kg.

Applied to the physically handicapped

We have felt from several trials that

wooden wheelchairs will be demanded most

s t r o n g l y  b y  e l d e r l y  p e o p l e  h a v i n g

conditions or diseases of the aged (in

J a p a n ) . M a n y  s p e c i f i c a t i o n s  a r e

d e t e r m i n i n e d by t h e i r p h y s i c a l

condition. Especially, the aid points

o f  c o n t a c t  a r e  p r o v i d e d . E l d e r l y

people comprise on increasingly large

seg me nt  o f Ja pa n's  p op ul at io n. This

whe el cha ir  w ill  s ati sf y the ir  st ro ng

demands in the future.

Strength of Woodenparts

We tested the strength of a laminated

wooden frame and co mpared it with the

strength of a me tal pipe frame. Test

items are below.

a: Standard material testing of wood;

tention, compression, bending, shearing,

and sparing tests.

b: L -shape frame breaking test.

c: T -shape frame breaking test.

As a results, we determined that a 30 mm

x 30 mm sectio nal piece o f laminated

wooden frame is slightly stronger than

(1>22 mm and t 1.2 mm of stainless steel

pipe. We determined the sectional size

of the wooden frame was 30 mm x 30 mm.

Result

We have developed an indoor wheelchair

mainly made of wood. As a result, we

are on the threshol d of the practical

use stage now. The wooden wheelchair

w a s  f i n a l l y  f o u n d  t o  h a v e  s u i t a b l e

functions and effic iencies t o fit the

interior environmen t of the home, and

to have a good interior image. Further,

t h i s w h e e l c h a i r i m p a r t s  a k i n d

sm o o t h n es s  a n d  w a r m t h  t o  p h y si c a l l y

handicapped peoples' environment.
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Discussion

Wood such as beech, as we obtained, are

r e a d i l y  a v a i l a b l e  m a t e r i a l s  f o r

whee lcha irs. Now  we  ar e tes tin g t he

d u r a b i l i t y  o f  t h e  t r i a l  w h e e l c h a i r

f i n a l l y  p r o d u c e d . W e  s u p p o s e  t h e

strength and durability of wooden parts

will not be poor and practical use will

be feasible. The problem for practical

use is production cost. The laminated

f o r m i n g  t e c h n i q u e  i s  r a t i o n a l  f o r

industry, but it requires skill because

the  pr op ert ie s o f woo d s uc h a s bee ch

a r e  n o t  u n i f o r m ,  a n d  t h e  f i n i s h i n g

pro ces s r equ ir es cra fts me n's  sk ill s.

We estimate the cost of this wheelchair

a s  a b o u t  2 , 0 0 0  d o l l a r s  i n  J a p a n .

Ano the r pro bl em fo r p rac ti cal  u se is

the establishment of a production method.

We have joined a widely managed maker

of wh eel ch ai rs wi th a wi del y man ag ed

woodworking shop in Japan.
For a while, this production mothod will

be developed. In the future, we want

to construct a production method such

t h a t  a  l o c a l  p r o d u c e r  c a n  m a k e  t h e

wheelchair using woods in his area to

supply it to local handicapped people.

From now on, investigations such as this

will be necessary.
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Multi- Functional
Rehabilitation Wheelchair Base

Ray Rego - Larry Gray
Rehabilitation Technology Center

Indianapolis, Indiana

Abstract

An effort has been made to develop
a wheelchair mobility base that
deals with the specific problems
found in rehabilitation seating of
the non propelling population.
Interference from cross frames,
push tubes, armrests and footrests
has been eliminated by making them
part of the seating system rather
than part of the wheelchair base.

Method

The mobility base is comprised of a
rigid square tube truss frame,
composite wheels, oversized tires
and extra heavy duty brakes.
Armrest and footrest are part of
the seating system rather than the
mobility base.

Construction

The frame is a truss configuration
made of square tubing. We have
made models in both steel and
aluminum. The frame is a rigid
welded unit that has a powder
coated finish. Multiple axle
placements allow 12 to 20 inch
wheel diameters to be used. Eight
inch casters are standard. Turning
casters can be in the front or in
the rear.

Since the chair is for non
propellers, we were able to use
composite wheels with oversized
pneumatic tires. This combination
has superior strength and ride
cushioning.

The brake we have chosen is a
rugged spring release model with a
rubber contact shoe for a more
Positive engagement to the tire.
This brake has a l ong lev er for
easy use by the caregiver.

The base has a single post
configuration that allows for the
quick change of seating systems.
Wheelchair, van seat, pediatric or
custom seating systems can easily
be mounted on this base. Seat
heights as low as 10 inches are
possible.

We have also used this base for
angle -in -space configurations. The
rigid frame and low center of
gravity make this and excellent
combination.

Conclusion

Further design and development is
planned for meeting the continuing
needs of the disabled population.
This style of base has eliminated
many of the factors that have
traditionally caused interference
and problems with seating and
positioning goals. There are many
other possibilities we intend to
pursue in the future.
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R e h a b  W h e e l c h a i r Ba s e
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P2.25 Multi- Adjustable
Lateral Hardware

Ray Rego
Rehabilitation Technology Center

Indianapolis, Indiana

Introduction Conclusion

We have developed a simple hardware
system to deal with the reoccurring
problem of lateral pad placement.
This system allows for easy knob
adjustment in both the up /down and
in /out modes. When combined with
an "I" back, this hardware allows
great flexibility.

Method

The system is composed of a
vertical slide rod, a locking block
and a horizontal slide rod that
also connects the lateral pad.

The vertical slide rod is a flat
stainless steel bar that attaches
to the back of the seating system
with only two "tee" nuts. This
gives good strength and maximum
up /down movement.

The locking block is a machined
block that locks the movements of
both sli de rods by the u se of a
friction knob. This allows easy
placement of the lateral pads by
the therapist without bolts, tee
nuts or wrenches. Permanent
attachment, if desired, is a simple
matter of drilling two locking
holes and inserting spring pins.
This permanent status can also be
reversed.

The horizontal slide rod is also
made of stainless steel. It has
countersunk holes for flush
mounting lateral pads on one end.
This mounting gives support to the
entire lateral pad making for a
very strong mounting. The other
end of this bar goes through the
locking bolt and gives a great deal
of in /out adjustment.

This device gives maximum
adjustment in a manner that is easy
to work with and eliminates the
need for massive amounts of "tee"
nuts, bolts or wrenches to make
adjustments. This is of particular
benefit in situations of changing
client populations.
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Attachment Device
for Seating Components

Ray Rego
Rehabilitation Technology Center

Indianapolis, Indiana

Introduction

The reoccurring problem of changing
component placement and attachment
has been one of the most
frustrating to therapists and
technicians in building seating
systems. Tee nut placement is
limiting and time consuming and
difficult to change. This has led
to the development of an extruded
track system that allows unlimited
change of components and straps.

Method

This system is composed of an
extruded aluminum double track bar
that mounts to the back of a
seating system. This bar is
attached to the seating system with
2 -3 1/4 -20 tee nuts and 1/4 -20
bolts. Once attached, it allows
unlimited attachment for seating
components such as drop hooks,
lateral pad hardware, anterior
straps and custom or standard
hardware items.

Attachment to the track bar is
accomplished with special square
nuts that slide into the track bar.
These are for standard size bolts
1/4 -20, 1/4 -24, 10 -24 and 10 -32.

The spacing of the tracks on the
track bar is one inch center to
center. This fits most of the
commercial hardware available
today.

The track bar is extruded of high
grade aluminum and is black
anodized to be as inconspicuous as
possible. It has a profile height
of approximately 1/2 inch. The
design is extremely rugged and easy
to use.

Conclusion

P2.26

This is a simple device that can
make the once frustrating task of
changing components a simple
matter. Clinicians dealing with a
changing population would find this
system a useful tool.
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Po we re d  A ss is t ed  M o bi li ty  fo r Pr e  —  S c ho ol  C h il dr en  wi th  Se ve re  Mo to r
I m p a i r m e n t s

Pa t t i  P l a c e
Da n i e l  D.  L i p k a

Fa m i l y  Ch i l d  L ea r n i n g  C e n t e r

A b s t r a c t
T h i s  p o s t e r  d e s c r i b e s  a  p r o j e c t  i n
w h i c h  p r e s c h o o l e r s  w i t h  m u l t i p l e
h a n d i c a p s  w e r e  g i v e n  t h e
o p p o r t u n i t y  t o  U s e  s p e c i a l l y
ad ap te d  b at t er y—  op er a te d r id in g
t o y s  f o r  i n d e p e n d e n t  m o b i l i t y .

R a c k g r o u n d
T h e  p u r p o s e  o f  t h i s  p o s t e r  i s  t o
p r e s e n t  i n f o r m a t i o n  o n  a  s t u d y
d e s i g n e d  t o  p r o v i d e  o p p o r t u n i t i e s
t o  c o n t r o l  s p e c i a l l y  a d a p t e d
c o m m e r c i a l l y  a v a i l a b l e  p o w e r e d
m o b i l i t y  t o y s  t o  y o u n g  c h i l d r e n
wi t h c er e br a l p al s y a nd  /o r  m u lt i pl e
h a n d i c a p s  w h o  a r e  n o t  i n d e p e n d e n t l y
a m b u l a t o r y . Th e  t e c h n iq u e s  u s e d
a n d  t h e  r e s u l t s  o b t a i n e d  i n  t h i s
s t u d y  w i l l  b e  p r e s e n t e d  i n  a n
a t t e m p t  t o  i n c r e a s e  a w a r e n e s s  o f
m o b i l i t y  o p t i o n s  f o r  y o u n g
c h i l d r e n .

P r o c e d u r e s
T h i s  p o s t e r  p r o v i d e s  i n f o r m a t i o n  o n
a n  i n n o v a t i v e  a n d  r e l a t i v e l y  l o w
c o s t  w a y  o f  g i v i n g  c h i l d r e n  w h o  a r e
s e v e r e l y  h a n d i c a p p e d  t h e
o p p o r t u n i t y  t o  i n d e p e n d e n t l y  m o v e
a r o u n d  i n  a n d  e x p l o r e  t h e i r
e n v i r o n m e n t . Battery— operated
r i d i n g  t o y s  ( a v a i l a b l e  a t  t o y  a n d
d e p a r t m e n t  s t o r e s )  w e r e  a d a p t e d  t o
m e e t  e a c h  i n d i v i d u a l  c h i l d ' s
s e a t i n g  a n d  p o s t u r a l  s u p p o r t  n e e d s .
A d a p t a t i o n  o f  t h e  s w i t c h  i n t e r f a c e
( e . g . ,  c h a n g i n g  f r o m  f o o t  s w i t c h  t o
h a n d  s w i t c h )  w a s  a c c o m p l i s h e d  a f t e r
th e  a p p r o p r i a t e  v e h i c l e  f o r  e a c h
c h i l d  w a s  d e t e r m i n e d . Ap p r o pr i a t e
a d a p t a t i o n s  w e r e  d e t e r m i n e d  t h r o u g h
o b s e r v a t i o n ,  v i d e o t a p e  a n a l y s i s  a n d
d i s c u s s i o n  w i t h  t h e  c h i l d ' s  m o t o r
s p e c i a l i s t . Al l  of  t h e c h i ld r e n
w e r e  p r o v i d e d  o p p o r t u n i t i e s  t o
p r a c t i c e  o p e r a t i n g  t h e  v e h i c l e s  a t
a p p r o p r i a t e  t i m e s  t h r o u g h o u t  t h e i r
m o r n i n g  p r e s c h o o l  s e s s i o n s  ( e . g . ,
to /fro m class rooms, to /fro m gym).
H a l f  o f  t h e  c h i l d r e n  a l s o  t o o k  t h e
v e h i c l e s  h o m e  o n  w e e k e n d s  a n d
v a c a t i o n s . Da t a  w e r e  c ol l e c t e d  o n
d i s t a n c e  t r a v e l e d ,  t h e  a m o u n t  o f
t i m e  t h e  c h i l d  s p e n t  i n  t h e  t o y ,
t h e  a m o u n t  o f  t i m e  t h e  m o t o r  w a s
a c t i v a t e d  a n d  t h e  " d r i v i n g "  s k i l l s

th e  c h il d  w a s a c q u ir i n g . Ba se l in e
an d  w e e k l y  p r o b e  s e s si o n s  w e r e
co n d u c t ed  o n  a  d e s i g n at e d  c o ur s e  t c
me a s u r e  e a c h  c h il d ' s  p ro g r e s s .
Sp e c i f i c  i n t e r v e nt i o n  p r o c e d u r e s
we r e  c on s i s t e nt l y  p r ov i d e d  be t w e e n
pr o be  s es s i on s . Al l  of  t he  t ar g e t
ch i l d r e n  q u i c k ly  a c q u i r e d  t h e
ab i l i t y  t o  in d e p e n d e n t ly  a c t i v a t e
th e  s w i t ch  a n d  m ov e  t h e  to y  s h o r t
di s ta n ce s . Th e  ra t e  of  a cq u i s it i o n
of  s u s ta i n e d  a c t i v a ti o n  f or  l o n g
di s t a n c e s a n d  s t ee r i n g  s ki l l s  h a s
va r i e d a m o n g c h i ld r e n .

Th e  p o st e r  i nc l u d e s  b a s e l in e  a n d
in t e rv e n t io n  p ro c e d ur e s ,  d a t a
sh e e t s ,  g r a p h s  of  c h i l d
pe r f o r m a nc e ,  a n d  p i c t u r e s o f  t h e
ve h i c l e s o u t l i ni n g  t h e a d a p t at i o n s .

Su m ma r y
Cu r r e n tl y  p r e sc h o o l  c h i l d r en  w i t h
se v e r e  h a n d i c ap s  a r e  n o t  r o ut i n e l y
gi v e n  t he  o p p o rt u n i t y  t o  u s e
po w e r e d  m o b i l i t y d e v i c e s ( e . g . ,
wh e e l c h a ir s )  d u e  to  f a c t o r s o f  c o s t
an d  ra t e  of  g r ow t h . Th e y  a r e
th e r e fo r e  de n i e d t h e  o p p o rt u n i ty  t o
in d e p en d e n tl y  i nt e r a ct  w i th  a n d
ex p l o r e t h e i r  s u r r o u nd i n g s .
Com mer ci all y a va ila ble  b att ery  —
op e r a te d  r id i n g  t o y s  s p e c ia l l y
ad a p te d  t o m e e t t h e p o s tu r a l
su p p o r t  ne e d s  o f  c h i l d r e n w h o  a r e
ha n d i c a p pe d  p r o v id e  a  m o re  v i a b l e
me a n s  of  g i v in g  c h il d r e n
in d e p en d e n t  m o b i li t y  a nd  a  ch a n c e
to  p a rt i c i p at e  i n  t y p i c al  c h i ld h o o d
ac ti v it i es .

Ac k n ow l e dg e m en t s
Mi l l e r' s  R en t a l  & S a l es  o f  A k r o n
Oh i o  f or  m o d if y i n g  t h e  t oy s  f o r
po s t u ra l  s up p o r t  a n d  sw i t c h
ac ti v at i on .

Pa t t i  P l a c e
Fa m i ly  C h il d  L ea r n in g  C en t e r
90  W . O v e rd a l e
Ta l lm a d ge ,  Oh i o 44 2 7 8
(216) 633 -2055
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COMPARATIVE EVALUATION OF MAJOR. BRANDS OF LEAD -ACID BATTERIES

Christian Lavanchy
ECRI

Rehabilitation Technology Program
Plymouth Meeting, Pennsylvania, U.S.A.

Introduction

The performance of modern powered wheelchairs and
scooters has improved with the development and
availability of lower -power electronic components and
better - designed motor- control circuits. While these
newer motorized vehicles provide users with more
freedom than ever before, a poor choice of battery
can limit wheelchair or scooter performance.

While some studies have provided generic
information about the s izing and selection of
lead -acid batteries for power wheelchairs and
scooters (5, 1), no information is currently available
for consumers regarding differences between battery
models on the market. A comparative evaluation of
lead -acid batteries is one project that has been
completed under the auspices of a cooperative
Rehabilita tion Engineering Center (REC) grant from
the National Ins titute of Disability and
Rehabilitation Research (NIDRR).

Background

The prospective purchaser of lead -acid batteries for
powered wheelchairs or scooters is often faced with a
bewildering array of battery models, battery types
(sealed or conventional electrolyte), and battery
specifications. As a result of common myths about
battery behavior and a widespread lack of knowledge
about battery characteristics among powered - vehicle
users and those that prescribe wheelchairs and -
scooters, poor choices of battery are common. Such
choices are especially likely if purchasing decisions
are based primarily on the lowest price: a battery
may be lower priced at the time of purchase, but may
not be economical in the long term. Poor battery
choice can result in frus tration and sometimes in
costly frequent replacement, since many batteries
cost in excess of $100.

Objective

To help fill the gap in knowledge about battery
selection and to provide consumers with a
comparison of batteries available from major
manufacturers for powered wheelchairs and scooters,
a comparative performance evaluation of lead -acid
batteries was performed.

Methods

Thirteen deep -cycle lead -acid battery models were
obtained from 5 major U.S.manufacturers and
distributors for the study. Two battery sizes were
tested in the evaluation, 22NFs and U -1s,
representing the majority of batteries used in power

P2.28

wheelchairs and scooters. Battery models included in
the study were of both the sealed and conventional
design and ranged in price from $12.85 to $160.00.
These batteries were tested for capacity, service life,
energy density, and quality of design.

Battery capacity was tes ted using a test method
adapted from the University of Virginia (UVA). UVA
determined a series of currents to be drawn from a
battery during a cycle that is representa tive of the
typical current demands on the batteries of
wheelchairs during outdoor use. In our capacity test,
the cycle had a  duration of 1 min and was repeated
until each battery was discharged to a predetermined
level. Battery voltages were recorded as each current
was drawn throughout the  test, and battery voltage
versus time curves were generated from the data.

Using the same tes t method as for the battery
capacity test, the 22NF batteries  were discharged
and recharged repeatedly until  they could no longer
provide more than one half hour of service. Each
cycle of discharge and charging took place over a
24 -hour period allowing adequate time for batteries
to fully recharge. Battery discharge times were
recorded for each cycle, and discharge times versus
usage cycle  were generated from the data.

The typical energy densities of the batteries were
determined by computing the watt -hours each
battery was able to produce in the battery capacity
test and dividing the values by the battery's weight.
Batteries that have higher energy densities
(watt- hours/kg) are preferred because, in theory, they
can provide more hours of usage without
contributing as  much to the  total weight the
wheelchair must carry.

Each battery was also assessed for its quality of
construction and how its  design affects care and
maintenance. Features such as  carrying handles and
maintenance, including the  ease of replenishing
water when necessary, were considered in this
portion of the study.

Results

Battery capacity results obtained in this  study relate
to how long a powered wheelchair or scooter user can
expect to operate vehicles with the battery models
tested. Surprisingly significant differences in hours
of usage were found, with some models providing as
much as  twice as many hours of operation as other
batteries of the same size.

Results of the service -life test can be related to the
number of days of use that the powered - vehicle user
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can expect to get out of each battery model if the
batteries are heavily used each day. Real battery cost
can be computed from the results of this test in
terms of the cost of the battery per hour of use.
Service life was found to be distributed over a wide
range, and when purchasing prices  of batteries was
considered, the price per hour of usage for the 22NF
batteries ranged from 16 cents to 85 cents.

6 I U n 2 2 I  T E S  F O R

En er gy  d en s it ies  a nd  q ua li ty  o f c o ns tr uc tio n  a nd
d es ig n re s u lt s  wer e fo un d  to  b e s ig nific a nt ly
d if fer ent ,  b ut wer e p erc eived  to  b e  s e c o n d ar y t o  t he
re s u lts  fr o m t he  two  p r ev io u s  t e s t s  wh en  ma k in g
p ur c ha s ing d ec is io n s .

Di s c u s s io n

S ev er al b a tt ery  c ha rac te ris t ic s  s h o u ld  b e  c o n s id er ed
wh e n mak in g a  p u rc h a s in g d ec is io n .  I t  a p p e a rs  th a t
th e  t wo  p rimar y  c h ar a c t e r is t ic s  a r e t he  b a t te r y
c ap ac it y and  s er vic e life .  T h e id e al  b att er y will
p r o v id e ma ny  h o u rs  o f re l ia b le o p er at io n o v er  man y
d ay s  o f  u s a ge  a t  a r ea s o na b le c o s t .  Unf o r tu na te ly ,  it
is  n o t  a lway s  p o s s ib le  t o  find  b at te ries  t ha t  me et  a ll
o f  t he s e  c ri te ria.  S o me b a tt er ie s  ex hib it  ve ry  h ig h
c a p a c it ies  e ar ly  in th eir lif e,  b ut  t he  c ap ac it y ra p id ly
d ro p s  o ff  w ith  c o ntinu ed  us e .  Co n s eq uen tly,  while
two  b at te r y mo d els  may  p r o v id e  t h e s ame n umb e r  o f
d ays  o f us a ge (c yc les ) b ef o re th ey ar e rep lac ed ,  o ne
b at te ry  may  p ro vid e fa r mo re  c ap ac ity  o ve r it s  us ef ul
lif e t han  th e o the r.  T he  ho urs  o f  us e v ers us  c yc les  o f
s er vic e c u rve  a nd  a c o n s id e rat io n o f the  b att er y p ric e
ma y b e  th e mo s t us e fu l inf o r ma t io n whe n c h o o s in g

b at te rie s .  With  t hes e c ur ve s ,  th e us e r o f a p o wer ed
whe elc hair o r s c o o ter  c a n q uic kly  s e e h o w the  b a tte ry
c ap ac ity will c han ge o ve r t he us e ful  life o f the
b a t te r y  a n d  c a n  e s t ima t e h o w ma ny  mo n t h s  t o
ex p e c t  b et we en  b at t er y re p lac emen ts .
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C n  E s

SA T I E M E S  V R R t  I O F N i 1 C A L  S E R V I C E  I V ES  A N D  V E R Y  D I F F E R E W  A V E R A G E  W A Q R E S

F ro m this  s tu d y ,  i t  is  c lea r t ha t  t he  p r ic e p aid  f o r  a
b att ery  s h o uld  n o t b e the  s o le jus t ific at io n  fo r a
p urc has e.  Mo r eo v er,  us ers  s ho uld  c o ns id er  th eir
b at te ry re q uire me nts  in a d d it io n  t o  c o s ts  p e r ho u r o f
us a ge wh en c ho o s ing .  F o r  ex amp le ,  if  t he
powered - vehicle user only expects to use the
whe elc h air  o r s c o o t er  f o r  an  h o u r a  d ay ,  p rima rily
ind o o r s ,  almo s t any  o f  t he b at te rie s  t es ted  will
s uffic e ,  and  t he c o s t  p er h o ur o f us age s ho uld  b ec o me
a p rime  c o n s id er at io n.  I n c o n tr as t ,  th e us er  who
req uire s  ma ny  h o u rs  o f ve hic le us ag e ea c h  d ay  a nd
may  us e c o mmer c ia l a irc raf t  fo r  tr ave l,  is  b e tte r o ff
s elec ting  a  s ea le d  b a tt ery  t ha t  c a n p r o v id e lo ng
ho ur s  o f u s ag e t hro ugh o ut  it s  s erv ic e  life.

Belo w is  a lis t  o f s o me fa c to rs  s p ec ific  to  the us er
that  s h o uld  b e  c o ns id ere d  b e fo r e p urc h as ing:

o  Ho w d iffic ult is  i t to  o b ta in the  d e s ir ed  mo d el?

o  Ho w ma ny  h o ur s  p e r d a y ,  o n  a ve ra g e,  w ill th e
veh ic le  b e  u s e d ,  an d  will th e u s e  b e s us ta ine d  o r
in t e r mit t e n t ?

o  W ill  th e whe elc hair o r s c o o te r b e us e d  mo s t ly
ind o o rs  o r o utd o o rs ? If  o utd o o rs ,  o ver what typ e o f
te rr ain will  it  b e d r iv en ?
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o How much does the user weigh? (The total weight
of the wheelchair will influence the range of travel,
and, thus  the required battery capacity.)

o What electrical accessories will be powered from
the same batteries?

o How practical is it for the user to add water to
conventional electrolyte batteries and provide other
care  and maintenance?

• Does  the user fly when traveling?

• How expensive is the battery?

Additional information and a summary of the specific
findings of the evaluation will be presented at
RESNA.
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P3.1
Design- For - Handicapped Projects in a capstone Design Course

Wayne W. Walter and Richard G. Budynas
Mechanical Engineering Department

Rochester Institute of Technology
Rochester,  New York 14623

Intr o duc tio n

In order to introduce more design into our mechanical
engineering curriculum, a two - course capstone design sequence
has been recently established. In this non - traditional course,
three to five students work as a design team on open -ended
projects to develop an idea into a working prototype. Within
the past year, in cooperation with local agencies for the
handicapped, three projects were initiated which involved
devices to assist handicapped children and adults. A description
of the design course sequence and the development of these
projects is the focus of this paper.

Ba c k g ro und

R1T's Mechanical Engineering Department recently revised its
curriculum to include a required twenty week, two-course
capstone design sequence in the senior year of our five -year
cooperative education program. Groups of three to five
students work in d esign teams in an enviro nment which
appro ximates an industrial sett ing. Emphasis  is p laced on
teamwork, and developing good oral, written, and interpersonal
communicatio n s kills.  Teamwork is  carried out in an
independent mode which fosters self - discipline, self- reliance,
and self - confidence. This approach provides an opportunity for
close cooperation with industry and with local agencies for the
handicapped.

In the first ten -week course, student teams complete the final
design of a mechanic al s ystem. At this point, each team has
performed the appropriate engineering analysis addressing
functionality, performance, cost, and manufacturing including
detailed engineering drawings to build the prototype. A final
report  containing this information is sub mitted together with
an oral presentation to the class, faculty, and participating
outside organizations. Each student is required to keep a bound
logbook of their day - today ac tivities. All library research,
meeting minutes,  work on design alternatives, c alculations and
engineering analyses are recorded in their logbo ok. Students
find that a well - maintained logbook becomes a welcome
reference when writing their weekly and final reports.

In the second ten week course, the same students work together
to build and test a working prototype. Non - working
prototypes are deemed unacceptable, and some redesign work is
often required to make their systems work. The inquired
deliverables for the second half of this course sequence are the
working prototype and written interim and final reports. The
final oral and written presentations will include a performance
test/demonstration of the prototype. Students are expected to
spend considerable time in the material processing shop during
the build phase of their projects, and in the labs during the
testing and  verification phase. It is expected that tes t fixtures
will need to be designed and built as part of the testing phase,
and this should be included in the PERT schedule of events for
the project.

Recently, some projects have involved building assistive
hardware for handicapped individuals. This has become a
source of satisfaction to those students and faculty who have
been involved in meeting the needs of these ind ividuals. Three
recent design- for - handicapped projects will be briefly described
here.

Mo t o r iz ed Ro c king C h a ir

This device was designed and built by students for handicapped
children at the Mary Cariola Children's Center, in Rochester,
New York. Many child ren with d evelo pmental disabilities
have difficulty holding their heads upright. Using a rocker
helps strengthen neck muscles, and is therefore an important
therapy. Secondly, handicapped children often have tense
muscles which can be relaxed with the soothing motion of a
rocking chair. Many of the child ren at the Mary Cariola
Center, although teenagers, ate in many respec ts more similar
to small children or even infants. It is possible to rock a baby
in our arms, or a small child  in our laps, b ut this  is not
possible with a child who is nearly the size o f an adult. The
rocker provides a practical solution.

At the time that the students started this project, the Mary
Cariola Center had a chair built by a volunteer that was motor
driven with a variable stroke and speed, but due to the nature of
his design, both speed and stroke were also a function of the
child's weight. The center asked that the students design a new
chair with variable speed and stroke that would be unaffected
by the weight of the child in the chair.

Figure 1 shows a schematic of the chair during the conceptual
design phase which uses a four -bar suspension (parts #1-4) to
provide a gliding motion to the user, rather than a
rocking/pitching motion. The chair is driven from an eccentric
wheel attached to a DC electric gear motor (part #5) through a
second "four -bar" linkage (parts #5 -8). Variable speed is
provided by lengthening link #5 (changing the attachment
position of link #6 on the ecc entric wheel).

Figure I also shows how the system was computer modeled.
Note that the model does not contain revolute joints
exclusively as does the real system. Instead, spherical and
universal joints were employed to prevent the system from
being mathematically overcons trained. The model showed the
motion of the chair to be smooth and gentle as required for the
children who would be using the chair.

Mo to rize d Ro c k ing P lat fo rm

When the rocking chair was built and subsequently tested at
the Center, it did not meet all of the customer requirements.
Its gliding motion, in partic ular, was not as pleasing as
anticipated. For this reason, a second student team undertook a
follow -up project to design and build a motorized platform
whose motion duplicates that of a rocking chair. The platform
will be capable of accommodating a variety of therapeutic
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furniture in use at the Center.  Children sit ting in their
furniture can be placed on the platform for rocking. Both head -
to -toe rocking and side- to-side rocking will be provided. This
project is currently in the build phase. A sketch from the
conceptual design phase is shown in Figure 2.

Wh e elc ha ir fo r S t an d in g Ap p lic atio ns

Another recent project worthy of note involved the design and
construction of a wheelchair that will raise a seated person to a
standing po sition, and  yet still be mobile. This project was
done with the assistance of the Monroe Developmental Center
in Rochester, New York. The intent here was to allow the
user to stand for purposes of being eye level with a client,
making a copy at a copier, working at a large machine tool,
writing on a blackboard, and numerous other everyday
applications. The mechanism devised is gas spring assisted,
and allows the wheelchair seat and back to move upward with
the user as the user pulls backward on the arm rests. The
small upper handwheels can be rotated by the user in the
standing po sition to move the larger wheels. A sketch is
sho wn in Figure 3.

C o n c lu s io n

The projects described herein have been satisfying to all who
have been involved. They have addressed the real human needs
of handicapped persons, and have been a great way to meet the

course requirements.

Ac k n o wle d g e me n t s

Our thanks to all the mechanical engineering students who
have worked on these projects. Our appreciation also goes to
Mr, Dan Bock, Mary Cariola Children Center, Rochester,
New York; and to Mr.  Bill F lynn, Monroe Develop mental
Center, Rochester, New York, for their support.

Wayne W. Waiter, Ph.D.,  P.E.
Mechanical Engineering Department
Rochester Institute of Technology
Rochester, NY 14623

o r

Figure 1: Motorized Rocking Chair for liandicapped

Figure 2: Motorized Rocking Platform

Figure 3: Wheelchair to Raise the User to a Standing
Position
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MAKING PHYSICAL FITNESS EQUIPMENT ACCESSIBLE TO ALL

Abir Mullick
State University of New York at Buffalo

Abstract:

The need for maintaining physical fitness for all people
can hardly be overemphasized. This need is yet more
crucial for those who are older and disabled. Even
though there exists substantial evidence that exercise
and movement is capable of preventing the deterioration
of physical capabilities and motor control, the use of most
physical fitness equipment poses considerable barriers
and risks to these two groups. This paper discusses the
need for physical f itness and an analysis of problems
encountered by these groups in using exercise
equipment. It also presents a case study of one piece of
a equipment and how a modif ication was designed to
improve its usability and safety for all.

Background:

Wellness related research has indicated that physical
fitness is an important component in ensuring a
physically- active and illness- resistant lifestyle for older
people and those with disabilities. Regular physical
activity can help these people maintain, repair and
Improve their body. A regular exercise program is
capable of improving heart and lung endurance, muscle
strength, and flexibility. Experts confirm that high
proportion of age - related decline is actually the result of
inactivity and improper diet_ Studies have shown that
regular exercising can slow down the decline of age -
related neuromuscular and sensorimotor capabilities.
Exercise and movement has a positive impact on
physical and mental well -being of people with disabilities
and exercising can retard certain changes that once were
thought to be inevitable among these people.

Two basic types of exercise equipment are available in
the market: 1) setups for lif ting free weights, and; 2)
variable resistance machines. These exercise devices
are adjustable, and eneble an exerciser to experience a
variety of conditions based on their needs and
capabilities. A quick review of this equipment indicates
that the sole purpose of all available equipment is to
provide vigorous weight training. The equipment is
primarily for muscle building. Traditionally, this equipment
has been used by the young and the beautiful with no
consideration for those people who are older and
disabled. Even though these people realize the
importance of exercise, they are usually discouraged by
comparison with the physical prowess of their younger
counterparts (Burdman, 1986).

There is a great scarcity exercise equipment for older and
disabled people. The few that are available in the market
are essentially modified versions of traditional variable
resistance machines. These devices focus primarily on
the needs of people with mobility impairment and have
been retrofitted for wheelchair users. Even though
these devices work very well for the Intended users, they
are user - specific devices and pose problems for other
non- wheelchair users.

Most existing equipment ignores human factors
considerations for older and disabled people. Operation
of these equipment by these people can be unsafe for
them. For example, bench pressing necessitates
pushing and balancing a heavy weight in the air. Those
with weak amt strength and poor shoulder joints are likely
to loose control of the balancing weight and injure
themselves. It is not uncommon for people to black out
under heavy physical stress and drop the weight on their
chest. Hazards of freehand weight lifting are built into
variable resistance equipment and integrated weight
lifting equipment. For example, a leg curl and extension
machine can cause knee injury to those with poor knee
strength and others who exceed their tolerable limit. All
exercise equipment puts considerable physical demand
on users, and none of them incorporate safety
mechanisms to prevent injuries resulting from
overreaching.

An Accessible Exercise Device

This is a case study on making a variable resistance
exercise device accessible to all people. The device is
called a lat machine, and it assists in the development of
upper body muscular strength. A request to make a lat
machine accessible came from an individual who is a
lower limb amputee with stubs extending only a couple
of inches below the hips. The individual, we'll call him
Jeff, is in his 40's, and is dependent on use of  a
wheelchair for mobility within and outside his home.
Weight lifting has been his primary means of maintaining
physical fitness. He has a professional quality lat machine
at home. Both he and his 'able- bodied' wife, say Kathy
use the machine. However, due to its design
shortcomings, Jeff has been compelled to exercise at a
supervised gymnasium.

Lat machines provide controlled levels of upper body
exercise resulting in muscular development of arms,
shoulders, neck, and chest. Exercising involves lifting
weights in a seated posit ion, by pulling down and
releasing an overhead bar connected to a column of
weights. Generally, the weights lif ted exceed the users
own body weight, and in the absence of a proper seat,
the inertia from the release of weights tends to lif t the
user out o f the seat. The body Is kept in place by
anchoring the knees under a horizontal bar. The safety
and operational implications resulting from this praclice
are: 1) it necessitates the use of legs, and is inaccessible
to many with poor or no leg strength, and 2) the knees
are prone to injury during times of lifting heavy weights.
Since Jef f has virtually no legs, he cannot use the
machine independently at all.

The objective of this project was not to develop a user
specific assistive product that would meet the exclusive
needs of the individual client. Since in a way we are all
disabled, the ergonomic issues surrounding accessibility
of this device, centered around understanding the
general limitations of his wife as well as specific
handicaps facing the person with a disability. Any design
modification was aimed at benefiting both people.
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Assistive devices for individuals with disabilities, are
indispensable tools that allow independence in mobility,
communication, and personal care (Levy, 1983). As an
alternative, the philosophy of universal design is based
on the belief that all environments need to be accessible
by all people including those with disabilities. Universal
design incorporates the ergonomic considerations of
consumers with disabilities without compromising either
usability or desirability by non - disabled consumers
(Ringwald, 1988). These products can be aesthetically
pleasing, cost effective, and improve the quality of life for
everyone. They reduce the need for high cost, difficult
to obtain and unreliable assistive devices. Making a
product usable by people with disabilities lowers the
performance demands of all users. This, in turn, makes it
easier for everyone to use.

In case of the let machine, It was perceived that a product
capable of independent use by Jeff would make the
product easier and safer to use by Kathy and others. The
design issues surrounding rnodificatlOn of the lat
machine included:

1, determine what features of the machine restricted
its access to the disabled user,

2. inemporate ergonomic issues that were capable of
enhancing safety and easy operation of the
machine by all users including people with
disabilities,

3. identify what design features were critical for
meeting the exercise needs of the user.

For example, Jeff wanted the seat to turn 180 degrees.
This was expected to assist him in developing the
pectorals (frontal muscles) and the trapezuis (back
muscles). Several innovative seat designs were studied.
Their usefulness were evaluated on the basis of how wel!
they secured an individual without use of legs, how easy
they were to operate and how difficult it was to turn
around. For example, a shoulder support possibility was
explored. This was later abandoned because it was
cumbersome and there was inadequate space to
accommodate a support system between the neck and
the raised arm (during times of weight release).

The most promising results were found in securing the
pelvis on the seat by means of an adjustable belt around
the waist (see fig. 1). This method offered the following
benefits:

1) utilized a strong bone structure for weight transfer,
2) allowed direct and vertical transfer of forces,
3) freed the legs, and
4) eliminated stress around the knees.

The proposed design is a non- user - specific seat, based
on the anthropometric dimensions of a large person (see
fig 2). The new seat makes the machine usable by all
people including the elderly, beginners, and those with
poor leg strength (see fig 3).

Discussion:
This project demonstrates a universal design approach
for exercise devices. Only one part of the original design
needed to be modified to provide extensive benefits for
all users. Most assistive products are a reaction to failures
in conventional design and are "band -aid" solutions to
more complex problems (Steinfeld, 1989). The high cost

Fig 1

a n

The prototype is fabricated in reinforced fiberglass, and
is easy to maintain, repair and replace. For wheelchair
users, the seat facilitates easy transfer. There are several Fig 2
general safety features built into this design. Two of the
most important are a concave seat surface and a safety of assistive products is due low demand and the
belt for better seating security. All these features benefit perception that these are "specialized products" to meet
any user o f the device. The design offers easier the needs for only a few. Generally developed to suit the
operation, improved performance, and greater safety for needs of those making the purchase decision (e.g. the
all' therapists), rather than the "consumers" using them,

these products are often clinical in their appearance, and
create user alienation, social distance and stigma.
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Fig 3

The capabilities of older and disabled people are more
diverse than they are similar. For example, increasing age
produces even greater variability in physical and
cognitive capabilities (Ostrow). Custom design of
assistive products for these_pleople will pose a major
burden to product designers, manufacturers and
ultimately consumers. Thus universal design makes
good design and economic sense. Universal design
products can provide empowerment for persons with
disabilities by maximizing independence. These
products can not only be functional, but they can also be
beautiful (Steinfeld, Mullick, 1990).

Conclusion:
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Teaching About Simple Switches: Not So Simple

Roger O. Smith, MOT, OTR
Gregg C. Vanderheiden, Ph.D.

Trace R &D Center
University of Wisconsin- Madison

Madison, WI

Abstract
Over the years, it has become increasingly clear that the
switch is a simple transducer which profoundly affects
access to assistive and rehabilitation technology. It has
also become clear that, while the switch may be a
simple transducer, its application is quite complex.
Switch selection must be made from an array of switch
types and styles. Switches have a wide variety of physi-
cal features ranging from differences in size, to pressure
required, to the degrees of freedom for activation.
Switches also come in combinations, including multiple
switches and keyboard designs. Wide varieties of elec-
tronic parameters now exist to modify simple switch
closure. All of these advancements have made simple
switch use not so simple. The understanding and appli-
cation of switches has, in fact, become a significant
challenge to technology educators, in the classroom and
in fieldwork settings. This paper highlights this prob-
lem, introduces pedagogical resources, and discusses
the usefulness of this approach.

The Problem
in the field of assistive technology, switches are consid-
ered among the simpler of the technologies, but this can
be deceptive. While it is true that the use of switches
for adantive toys was introduced many years ago, and
simple switch construction brought many of today's
technologists into the field, the superficial simplicity of
switches and switch application can be misleading. In
the areas of augmentative communication and com-
puter access, for example, switches have become quite
complex. Electronic parameters that a technologist
must understand to optimize switch use include delay
times, recovery times, bounce times, hold times, repeat
times, etc. An example of such a multi - parameter sys-
tem is the AccessDOS software (Novak et al., 1991).
Resources to help technologists step through switch and
control evaluation also indicate the complexity (Lee &
Thomas, 1990; Smith, 1990). A technologist consider-
ing the use of a switch or multiple switches has many
dozens of inter - dependent variables to consider, ranging
from the electronic parameters mentioned above, to
switch site placement, to the physical attributes of the
switch as system (e.g, size, pressure, excursion, feed-
back, etc.) Academic and fieldwork instructors of this
technology are challenged to convey the increasingly
complex set of information to students.

In our university-based technology training programs,
we have tried to respond to this challenge, but have en-
countered two pedagogical barriers. First, there is no
standard, straightforward listing of switch types and
parameters. While excellent resources are available,
educational materials have tended to be specific to cer-
tain technology applications, and have therefore been
limited. More generic and complete resources are
needed. Secondly, when switch parameter concepts are
presented in written documents, they are often difficult
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to understand. Many switch characteristics are
temporal in nature, and are therefore not easily com-
prehensible when presented verbally.

The Strategy
An educational approach was developed to address
these difficulties in teaching concepts about switch ap-
plication. First, we assembled a list of switch charac-
teristics. We then organized this information into a
taxonomy of switch parameters called the Switch
Parameter Checklist. Figure 1 shows the main headings
of this Checklist. As can be seen, a range of switch use
features is included. Figure 2 shows the detail under
one of the main headings.

To formulate this checklist, we reviewed currently used
terminology and attempted to standardize the terms
used. The Lee & Thomas manual (1990) on control of
computer -based technology for people with physical
disabilities was a key resource, as this document de-
scribes generic terminology for control systems. Also,
using the expertise of a Technology Interface work
group comprised of several experienced computer ac-
cess and augmentative communication practitioners,
the checklist was reviewed, elaborated, and refined.

Secondly, to overcome inadequacy of solely verbal pre-
sentation of information, we developed graphics to
illustrate each of the switch parameters. Figure 3 shows
samples from the Switch Parameter Snapshots.

Figure 1
Headings of Switch Parameter Checklist

Electronic Parameters
Physical Characteristics
Feedback
Functional Features
Locational Variables

Figure 2
Electronic Parameters Section of

Switch Parameter Checklist

Switch Resting (closed, open)
Delay Rate
Recovery Rate
Repeat Rate
Averaging/Filtering
Pulse Only
Timed On
Latched
Signal Transmission mode

(pressure, light, ultrasounds, etc.)
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Figure 3
Examples from Switch Parameter Snapshots

Delay, Slow Keys: Delay Off:cmOn: W

Switch Press: O{. J a m _

On:
Resulting Output: Off:

Some Delay:
Switch Press: On:

Off:
Resulting Output: On:

Off:

Extensive Delay:
Switch Press: On:

Off:
Resulting Output: On:

Off:

Degrees of Freedom In Activation:
One Two Multiple

4 > , ,000,
+ " , - _ Q

Recovery, Bounce Keys:
Recovery Off:

Switch Press : On:
o n :

Resulting Output : OH: - R E E

Some Recovery:
Switch Press: OOff: � �

Resulting Output: Off:

Extensive Recovery:
Switch Press: On: �

Resulting Output: On: �
Off:

Discussion of the Switch Parameter Checklist
and Switch Parameter Snapshots
In the past, we have taught switch parameters in class-
room, laboratory, and fieldwork instruction, in a "catch
as catch can" fashion. In our technology training pro-
grams over the past two years, however, we have begun
using a more and more defined list of switch character-
istics and parameters. The Switch Parameter Checklist
and Switch Parameter Snapshots have been formally
used this year in several ways. First, instructors used
the checklist as a prompting system. Checking the list
has ensured that all concepts are being covered. Sec-
ond, the Switch Parameter Checklist serves as a set of
learning objectives for students, and a study guide for
examinations. The students mark off concepts as they
master them. These documents have been helpful both
instructors and students to standardize a knowledge
base and performance competencies.

Several limitations in using these documents have been
observed. First, no standard terminology and defini-

tions for switch parameters and characteristics have yet
been universally accepted. While these documents pro-
vide consistency and help standardize our training pro-
grams, and may well benefit other curricula, this specific
set may not be optimal for everyone.

Also, although students are acquiring some basic
knowledge regarding the different considerations in
using switches, they still need information about the
best methods for setting the adjustable parameters.
The adjustable switch parameters all interact, and
changing one parameter influences the settings of the
others. Very little research has been performed inves-
tigating these relationships and optimal settings of
switch parameters. Students and clinicians new to the
technology interface area, as well as the field generally,
need more research on this topic. Until more empirical
research can be performed the switch application pro-
cess will continue to be based on the clinical judgement,
experience and intuition of those applying switches.

Finally, these two documents cannot stand alone. They
are only paper- and - pencil educational resources. They
are not an optimal educational format by themselves.
Obviously, hands -on clinical experimentation with
switch parameters and characteristics is more desirable
for learning the application of these concepts. While
these two documents serve as teaching tools and a
method for mastering basic information, the process for
learning the psychomotor skills needed for applying
switches remains a hands -on process.

Implications
The Switch Parameter Checklist and Switch Parameter
Snapshots are targeted to be teaching tools to fill a gap
that is widening because of advances in technology. As
a by- product, however, these lists may have other uses.
As a comprehensive list of factors which affect the us-
ability of switches, they form a theoretical taxonomy.
This taxonomy is testable by empirical research. Also,
as the assistive and rehabilitation technology field
moves beyond optimizing systems through clinical intu-
ition, we need to research which variables are most
important, and how to set them to provide the best
access for people with disabilities.

References
Lee, K.S., and Thomas, K.S. (1990). Control of

computer -based technology fprpeople with disabili-
ties: An assessment manual. Toronto: University of
Toronto Press.

Novak, M., Schauer, J., Hinkens, J., and Vanderheiden,
G. (1991). AccessDOS. IBM: Part 94F9872.

Smith, R.O. (Ed.).  (1990). Sample course guide foran
introductory course in rehabilitation and education
technologies. Madison, WI Trace R &D Center,
University of Wisconsin- Madison.

Acknowledgements
This work has been supported in part by Grants
H029F80083 and H133E80021 from the U.S. Depart-
ment of Education.

Roger O. Smith, MOT, OTR, Trace R &D Center,
S -151 Waisman Center, 1500 Highland Avenue,
Madison, W1 53705 -2280

550 RE S NA In t er n at i on a l '92 • June 6  -11 , 1992



Modified Nintendo Controller:
An Application of Integrated Controls

Kevin M. Caves
Rancho Rehabilitation Engineering Center

Rancho Los Amigos Medical Center
Downey, CA

Abstract

Technological advances in power mobility
controls have made it possible to use the
wheelchair input device (e.g. sip and puff,
joystick) to operate other devices. A standard
Nintendo game controller was modified to
interface with a wheelchair equipped with
integrated mobility controls. The modification
allowed two children to control movement of
the game characters using the wheelchair's
input device control, and to control the two
"fire" buttons using two switches mounted to
either side of the jaw. Once set up, minimal
instruction was required to teach the children
how the system worked. Because they were
accomplished drivers, so familiar with the
sensitivities of their wheelchair controls, they
were immediately successful.

Background

Ivar is a 9 year old boy who had a spinal cord
injury (C -2 level) in June, 1990, resulting in
complete quadriplegia. Keyon is a 12 year old
boy who had a spinal cord injury (Cl -2 level)
in February, 1990, also resulting is  complete
quadriplegia. Both boys are ventilator
dependent, wear orthotic body support jackets
with built -in head supports, and have minimal
head motion. Both boys also use sip and puff
controls to independently drive power
wheelchairs. The chairs are equipped with
mobility controls which allow the sip and puff
control to operate as the input device for other
technologies as well.

Objective

Rehabilitation Engineering was consulted by
Recreation Therapy for modifications that
would allow children with high level spinal
cord injuries operate a Nintendo video game

system.

Approach
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A search was conducted to determine if a
commercially available device could be
obtained which the children could operate.
Two devices were found and obtained for
evaluation: The Hands Free* controller from
Nintendo of America, Inc., and the Turbo
Sip /Puff Joystick from KY Enterprises.

With the Hands Free controller, the user
controls movement on the screen (left, right,
up, and down) with chin control joystick, and
a separate sip and puff switch to control the
start and select buttons as well as the "fire"
buttons A and B. The KY Enterprises controller
uses a mouth held joystick to control
movement with an integrated sip and puff
control to operate the A and B buttons. Game
start and select is controlled using two micro
switches mounted on the left and right side of
the face.

Both of the commercially available joystick
controllers required too much head movement
for either boy to use effectively, although one
of the boys was successful with a Turbo
Sip /Puff Joystick which was modified for use
with the tongue.

If a wheelchair has appropriate electronics, the
input device (joystick, sip and puff) can be
used to operate other devices. As stated above,
both boys have a wheelchair with these
electronics, called an integrated control system.
This allows the wheelchair input device to act
as a switch to another device. Generally these
integrated systems have the capability to
control four switches at a time, one switch for
each of the four directions: forward, left,
right, reverse.

RESNA International '92 • June 6 -11, 1992 551



Modified Nintendo Controller...

To use most Nintendo games, the user needs
access to six switches simultaneously: the four
directions and the two fire buttons. Using an
integrated control system will only allow access
to four switches simultaneously, so to use the
integrated system at least two more switch
sites and switches need to be identified. For
total independent use (start and select), a total
of eight switches need to be identified.

A standard Nintendo controller was purchased
and modified to interface with the boys'
Everest and Jennings Marathon power
wheelchair's Dufco electronics accessory device
port. This controller uses the chair's sip and
puff input device to  control movement on the
screen, and two TASH Microlite switches,
mounted using flexible gooseneck tubing on
either side of the chin, to control A and B
buttons.

At the time the paper was submitted, the
children could not control the start or select
buttons. A planned electronic modification will
allow a third switch positioned under the chin
to act as both the start and select buttons.
Additionally, an infrared Nintendo controller
has been purchased and modified to allow a
wireless connection between the user and the
Nintendo game.

Results /Discussion

Once set up, minimal instruction was required
to teach the boys how the system worked.
Because they were accomplished drivers and
familiar with the sensitivities of their
wheelchair controls, they were successful
immediately. One occupational therapist
reported a note increase in self esteem in one
of the boys because he able to  operate the
game on his own. Since the success with the
Nintendo, the children have been using
integrated controls for other activities, for
example Morse code input to a computer and
using battery operated toys.

The use of integrated power mobility controls
offer certain individuals opportunities
otherwise unavailable to them. In this case,
the use of integrated controls allowed access to
a video game at a competence level close to
their able - bodied peers.
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The MARLA LM

David Altman, Inventor and Helper of people
Lincoln, NE 68508

Abstract
This paper will describe and  address the question of how
an ind ivid ual with a severe disability ad justs  the height
and rotational angle of his or her c omputer monitor with
the us e of a s witch.  The switch mechanis m can range
from a pneumatic sip and puff switch to any type of micro
switch.

Introduction

MARL Ar m ( Me c h a nic a lly Ac tuated  Rotary Linear
Adjustable Arm) is a devic e that  will allow a perso n with
a physical limitation to adjust his or her computer monitor
independently. I recently read  an artic le elo q uently
stating, "a perso n in a wheelc hair d oesn' t have ac c es s
p ro b lems  b ec a us e the p ers o n is  in a whe elc hair;  the
person has acc ess problems b ecause the loc al movie the-
ater do esn't  have a ramp ."  If you s it back in your c hair
and  think ab o ut this  fo r a moment yo u will realize the
validity of this statement. If our designers, engineers, and
creative inventors would consider the needs of all people
when exploring res earc h and d evelop ment, mos t of the
pro d uc ts  they d esign c o uld b e us ed b y p erso ns  with
disabilities.  T here will c ome a t ime in our life when we
will all experience so me s ort of dis ability,  s ome not as
severe as others but never - the -less we will have trouble
perfo rming a tas k in o ur d aily lives  that  was  o nc e
accomplished with ease.

Tec hnology has literally explod ed  in develo pment over
the last five years to fac ilitate independenc e for
ind ividuals with d isabilities. The MARLArm is a piec e
of assistive technology that will allow an individual with a
severe d is ab ility to  adjus t his or her c omputer mo nito r
with the us e o f a s witc h. T h e  M AR L Ar m allo ws
adjustment of the monito r to ac commodate seating needs
and lighting issues.

Design & Description of the MARLArm

We have all heard the quotatio n, "NECES SIT Y IS T HE
MOTHER OF INVENTION." Web ster defines the word
necessity as "Absolutely req uired, ind ispensable, needed
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to  b ring ab o ut a c ertain effec t  o r res ult,  unavoid ab ly
determined by prior circums tances  or c onditions."  Many
of the inventio ns  we us e to d ay are b as e upo n this nine
letter word.

I have fo und all typ es  o f monitor arms  and  s tands  that
adjus t manually but no ne that will auto matic ally adjus ts
with a s witch.  Belo w,  in F igure 1,  is  a p ic ture of the
MA R L A r m (Mec hanic ally Ac tuated Ro tary Linear
Adjustable Arm).

The prototype of the MARLAr m is  mad e entirely o f
stainles s  s teel.  T he CRT ,  o r mo nito r, will s it o n a u-
shap ed  p latform.  The platfo rm b as e will ac co mmod ate
about 90% of the standard mo nitors on the market, with a
base of ap pro ximately thirteen inches. The platfo rm can
be custom made to fit oversized monitors. I have designed
the arm to carry monitors that weigh anywhere from 15 to
55 po unds . Underneath the metal u- shap ed p latform lies
the linear actuator. The linear actuator is electric and is re-
sponsib le for the rotary angle adjustment of the monitor
on a ho rizo ntal plane o f the x -axis . This  devic e was
intend ed  fo r use in home o r ind ustry, any type of linear
ac tuato r,  elec tric  o r p neumatic can b e us ed.  Actuatio n
design would  bec ome more in -depth using p neumatic  in
an indus try sett ing.  The platfo rm and linear ac tuator will
be attac hed  to  a dual metal fab ric ated  arm. T he arm is
mad e o f s q uare s tainles s  s teel tub ing and  it  us es  the
mec hanic al  ad vantage  o f fo ur b ar linkage .  T his  arm
structure is not new. It is actually similar to the construc-
tion of the human arm. The human arm has two bones that
are c onnec ted  to the jo int . The radius  and the ulna are
co nnec ted  to  a hinge jo int  whic h is c o nnec ted  to  the

humerus.
There is a s eco nd electric linear actuato r that  is  lo cated
underneath the double bar linkage. This allows the user to
adjust  the monito r in a s agittal p lane on the y -axis . T he
linear ac tuato r is  run elec tric ally by a p o wer s up p ly.
Again depending on where this  device is used, an electric
or pneumatic actuator can be utilized.
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MA RLA rm

Figure 1

This assist ive techno logy devic e can be attached in many
different ways  to a wo rk surface. I have chosen to incor-
porate a u- shaped standard clamping mechanism to secure
the MARLA rm down to  the work surface. A monitor can
weigh anywhere fro m 15 to  55+  po und s. Therefore the
MARLA arm s ho uld  b e s ec urely fas tened  to  the wo rk
surface.

Most any switching mechanism can be adapted to operate
the MARLArm. I have c ho sen to  run the MARLA arm
with a four-way joys tick. The switc hing interface is easily
adaptable to a dual or four-way sip and puff switch. With
the MARLAr m I want t o  illus tra te th at  p e rs o ns  with
s evere p hys ic al limitatio ns  c an have the c ap ab ility to
adjust his or her computer monito r independently.

Control Interface

Co ntro l d evic es  c a n b e c o nnec t ed  to  the MARLArm
using a 9-pin, joystick -style connector. It is wired with an
ind ustry -standard co nfiguration (as defined by the Trace
Center and  others). This is  to allow standard joystic k, sip
and  p uff switc h, or c ombination o f fo ur s ingle switches
(using a c ommercially available adap tor) to be easily con-
nected and used to control the movements of the unit.

The c ontro l d evices  are electric ally is o lated  from the
motor circuits by control relays. This permits the use of a
wid er variety of contro l d evices, pro tec ts  the user from
dangerous electrical currents, and permits the use of a fail -
safe control system hierarchy.

The control logic  is designed with safety in mind, using a
pre -s et  lo ck -o ut hierarc hy. If  multip le s witc h es  are
ac tivated at  the same t ime (as  might o c c ur with s o me
input devices when the user and/or object accidently
pus hes the co ntro ls), this  arrangement o nly allo ws the
safest movement to occur. If the UP switch is one of mul-
tiple switches activated , the unit  will mo ve up. The order
of d ominance o f the other s witc hes is  ROT AT E LEFT ,
ROTAT E RIGHT,  AND DOWN, see figure 2.  In situa-
tions of multip le switch activations , this hierarchy results
in movements  which usually pos ition the eq uipment away
from the user, and moves the unit d own o nly if DOWN is
the only switch activated. Control�interface�design�by� eff
Krum. ME: Lincoln, NE.

Fut ure  P la ns

I am p res ently working o n making the MARLAM fully
adjus table. The us er will not only b e able to ad just height
and  rotational angle, he/s he will be able to adjus t tilting
and arm swing. The arm swing ad jus tment will allo w the
arm to  s wing c los er o r farther away fro m the the us er.
Future plans fo r the control interface will includ e the use
of sc anning and sequencing logic to allo w full co ntro l of
the device using any combination of one to eight switches.

Summary

The MARLArm is an ass is t ive d evice that helps  create
independenc e for a ind ividual who  has some s evere func-
tio nal limitatio ns. This arm has  many app lications  o ther
than ad jus ting a mo nito r in 2- 4 direc tions . T he
MARL Ar m can b e co nnec ted  to  a b ed and used  as  a

feeding device. The applications are endless. As an inven-
to r and a p erso n who  has  a stro ng c o mmitment to  help
improve the lives  of individuals with d isabilities thro ugh
technology, I believe that technology can help  only 40%
of the prob lem, the o ther 60% goes to  people ' s attitudes
that restrict some individuals  in having an equal chance in
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MARLArrn

Co nt ro l System H ie ra rchy  D iagram

Is UP Signal present?

(No)

1

Is ROTATE LEFT signal present?

(No)

Is ROTATE RIGHT Signal present?

(No) ♦ •

Is DOWN Signal present?

(Yes) - - - - - - 11111  Raise Unit

(Yes ) ------ 0 - Ro tate  Unit  Le f t

(Yes ) - --- -- i •  R o ta te  Unit  R i ght

(Yes) - -- - -- illoo Lower Unit

Given a combination of signals, the signal higher in the sequence will
dominate, inhibiting the actions of signals below it.

Figure 2

life. I  want to end with one last tho ught by Jack R ied , a for d onating his t ime to help design the control interface

human res ource exec utive,  who says: "A hand icap ped of the DIABLA" . Without the help  of these individuals,
pers o n - given the p rop er to o ls  and  sup p o rt  fro m an the h ABLA'"' would have only been a conceptual idea.
organization -will overcome the debilitating characteristics
of his or her handicap and will become equally as Ref erences

productive as someone who is not handicapped."
1. Schauer, ]., Rodgers, B.L., Kelso, D.P., Vanderheidern, G. C.

Recognition
(1 98 8 Re vi se d) . Si mple  El ec tr ic al  Trans duce r (SET)
Compatibility Standard.

I wo uld li ke  to  thank Ward Ente r pr i se s  o f Linc ol n,  NE fo r David Altman

do n at i ng t he Mi c r o Co mp ut e r Tab l e , fabr i c at i o n & Adaptive Device Systems
mat e r i al s .  I  wo ul d  al s o l i ke  t o  t han k W ar ne r  El e c t r i c , 1311 Claremont Street
Mar engo,  IL f or  do nat i ng Line ar  Ac t uat o rs  and Je f f Krut z Lincoln, NE 68508
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P3.6
A Programmable Light- T racer

Do minic P .K. Cheng
Rehab ilitat io n Engineering Centre

Hong Ko ng P olytec hnic
Hung Ho m,  Ho ng Ko ng

Ab s trac t

T he Pro grammab le Light -T rac er is a p o rtab le device to
make learning the mo to r s kills  required  fo r writ ing fun.  It
consists of a matrix of 21 x 20 light- emitting- d iodes(LEDs),
a fight -p en and  a c ontrol bo x.  T he learner has  to  follow a
blinking LED with the light -pen to complete a p attern. Each
light traced is reward ed with a b eep  and a p attern c omp leted
is  reward ed  with an inte res t ing  p ic tur e an d  a  tun e.  T en
patterns are built  -in to teac h the rud iments  of writing.  Other
patterns  c an be c o mp os ed  with the keyp ad  on the co ntro l
box. A Pattern Composer software fo r IBM -PC- compatibles
allo ws  a therap is t  to  c o mpo s e,  s to re and  retrieve p atterns
with eas e.  A c o mp o s ed  p attern is  trans ferred  to  the light
trac er via a printer po rt .

Statement o f the p ro b lem

The paper and  penc il app ro ach for learning to write may not
wo rk well fo r the hand ic ap p ed with p oo r mo to r c o ntro l o r
mental deficiency. Is it  p o s s ib le to  ha ve a d evic e whic h
makes  learning the mo tor skills  required  fo r writ ing fun?

Ratio nale

The light -tracer is analogous to a lettering -book. A
light -matrix rep lac es  the paper and  a light -pen rep laces  the
penc il o r p en.  A p attern is  d is p layed  o n the ligb t -matrix
whic h is trac ed by the learner with the light -pen. A
lettering -b ook indicates the direction of writing b y an arrow.
The o rder of lights  turning o n is  a mo re vivid ind ic ation. An
ad vantage o f an electronic aid  is  that  an immed iate reward ,
such as a beep , can be p ro vid ed  for eac h light trac ed .

A PC  -based solution is poss ible. A pattern can be s hown on
the comp uter sc reen fo r a user to  trace with a light -p en. The
ad vantages  of this app roac h are the unlimited p atterns that
can be p ro duced and  the p os sible us e o f co lo ur and  s ound .
T he o b vio us  d is ad v antag es  a re t he c w o f a P C  and  that
target  ins titutio ns  may no t have P Cs , es pecially p ortable
ones.  Other d is advantages  are the p os sib le damaging effec ts
o f lo w lev el io nizing rad iation from co mp uter mo nito rs
(CRT s ),  wro ng o rientatio n o f  the s c reen and  the need  to
protect  the s creen and  light p en from child ren.

A ro bus t  po rtable pro grammab le light -matrix s ys tem with
prep ro grammed  patterns,  a light p en and  a printer interfac e
seems  to  o ffer a goo d  c o mp ro mis e at  p res ent. T he fight -
matrix and  fight -p en can easily b e mad e q uite ro b ust  and
there is  no ionizing rad iatio n.

Fig.1 Pro grammable Light- T rac er

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .
! i F

. . . . . . . . . . . . . . .

Fig.2 Pre - pro grammed patterns

Des ign

Pro grammab le light -matrix

The p rogrammab le light -tracer consists of a fight - matrix, a
control b ox and a light p en (Fig.1). A Mo toro la MC68705R3
single -chip micro - computer is used as the controlling
element.
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A P ro grammable Light- Trac er

Within the limit  o f the matr ix s ize, any p attern c an be
displayed. For example, the minimum matrix size for
numbers and Englis h alphab ets is 5 0 . Mo re than one
symb ol as well as better loo king symbols can be sho wn with
a larg er ma trix. Fo r reaso ns  of flexib ility, aesthetic s and
read ily availab le co mmerc ial 5x7 LED - matrices, twelve
33mmx53mm devic es  are us ed to  fo rm a 210.0 matrix T he
matrix is  enclosed in a b ox mad e o f PVC with a translucent
top of red acrylic.

The rud iments o f writing can b e rep res ented  by ho rizo ntal
lines , vert ic al lines  and s lant lines.  10 p atterns,  fo rmed  b y
simp le c o mb inatio ns  o f thes e elements ,  are s to red  in the
micro - computer (Fig.2).

Read /write memory (RAM) external to the micro  - computer
is  inc luded to  allo w p r o gramming o f p at terns  us in g the
built -in keyp ad . A co mp uter interfac e enab les d ownlo ading
of p atterns fro m a PC  to  the RAM via a p rinter p o rt .

Able- bodied persons use their hand to po sition a p en so that
it  is in a c o rrec t  angle fo r writing. T o  make this  tas k les s
demanding for the hand icapp ed  learner,  the angle of the t ip
of the fight -pen is adjustable.  The photo sensor of the light -
pen is  recess ed in a protective P VC co llar.

Mod es  o f op eration o f the light -tracer and pattern s ourc es
are as fo llows: -

Op eration mod e:
no rmal, demo,  p ro gram,  external

Pattern s ourc e:
pre -set, keypad, external

The d emo -mod e is  used  to  s ho w the us er what has  to b e
done.  A p attern is  first  selected  b y entering its numeric  ID.
When the ENT ER key is pressed the fights turn o n one after
another until the who le p attern is  d is played .

In the no rmal -mod e,  the firs t  light in the s elec ted  pattern
turns on and blinks. The learner has to po sition the light -pen
over the blinking light to  o b tain an audib le reward ,  in the
form of a beep, and to activate the next light in the
seq uenc e.  When the learner c omp letes a pattern, a tune is
immediately p layed and a p ic ture s imilar to  that  s ho wn in
Fig.3 app ears a few s ec onds  later to  replac e the c ompleted

pattern.

In the p rogram -mo de, a p attern c an be c omp osed  us ing the
keypad. Eac h fight is specified by entering its ro w and
column addresses. This is a t ime co nsuming proc ess and the
pattern is lost when po wer is removed from the light- trac er.
Once a pattern is programmed , it can be used for
demo ns tratio n and trac ing.

The external-mo d e is  us ed to  d ownlo ad p atterns  fro m an
external PC .  Again, o nc e a pattern is transferred fro m the
PC to the light- tracer, it  can be used  fo r demons tration and
trac ing.

Pattern Co mp o ser

To  ease the p rob lem of co mpo s ing, s to ring and retrieving
patterns, a Pattern Compos er was developed for

Fig.3 An animal figure composed using the Pattern
Co mp os er

IBM -P C- co mpatib les. This s oftware displays  a matrix and
us er ins truc tions on the sc reen (Fig.  3). Co mp os ing is  fas t
and easy. Cursor -keys are first used to select a light.
Function -keys are then us ed to  turn the light either o n o r
off,  and  to ins ert  lights within a seq uenc e if  d esired . Eac h
light to be turned o n is displayed as a `smiling -face-
charac ter' . As  in the light- tracer,  a d emo -mo de is us ed  to
run the `lights '  o n the sc reen. Onc e the therapis t is s atisfied
with the p attern,  it can be s aved on d is k and  trans ferred  to
the light- tracer.

Evaluatio n

One light- tracer has  been in use in a special school for over
a year. Children like the blinking light and b eeping s ound, it
has been treated as  a toy.

Disc uss ion

The p rogrammab le light- tracer has  b een d evelo p ed  as a
robust, portable devic e fo r training the motor s kills required
fo r writ ing. It aims  to make learning to  write fun and  s afe.
Init ial reactions has been favourable but only further
evaluatio n in the field  will indic ate whether this app ro ac h is
useful for the ass umed tas k.
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P3.7 BLINKSWITCH: NEW TECHNOLOGY FOR RELIABLE BLINK ACTIVATED

COMMUNICATION AND CONTROL

Jeffrey J. Jerome
VME Technologies, Inc.

Baltimore, MD

ABSTRACT STATEMENT OF PROBLEM

A highly reliable voluntary eye blink detector has
been developed which overcomes the problems
associated with blink activated communication and
control. BlinkSwitch dramatically reduces errors in
detecting voluntary blinks while simultaneously
reducing the time involved in setup and adjustment.
While the BlinkSwitch uses the conventional
methodology of measuring changes in infrared (IR)
signals reflected from the eye to detect blinks, this
technology is improved by unique digital signal
processing techniques. These techniques analyze
and differentiate between actual voluntary blinks and
"false blinks" caused by room lighting, involuntary
blinks, eye lashes, user fatigue and spasms. The
BlinkSwitch is not adjustable and automatically
calibrates itself to reduce the effort required on the
part of the caregiver. The completed BlinkSwitch
has finally made blink detection a viable
communication option at a low cost.

BACKGROUND

Some individuals afflicted with conditions such as
ALS and Locked -in Syndrome have lost all voluntary
motor skills except eye motion. The
communication /control options available to these
persons are Voluntary Blink Detection (VBD), Eye
Motion Detection (EMD), and various Opto-
Electroencephelographic Techniques (OET).
Voluntary Blink Detection is typically used with
"scanning" software to allow communication and
environment control. While this method is slower
than than the random access EMD or OET methods,
it has always represented the least complex, most
cost effective option. Many persons afflicted with
these conditions are cared for in a home environment
where the complexity and cost of such equipment
must be minimized.

Though cost effective, the current generation of
analog blink detectors have proven highly frustrating
for both the user and the caregiver. User frustration
is primarily due to the detectors inability to reliably
detect voluntary blinks leading to both false positive
and false negatives. Of the two, users are bothered
most by false positives because they cause wrong
commands to be executed. Caregivers have been
equally frustrated because this equipment requires
frequent adjustment of the "blink threshold" and
because of the difficulty in physically aligning the
sensor with respect to the eye.

The problem we addressed was how to create a cost
effective VBD which would minimize false positives,
be easy to setup and require little adjustment. We felt
that if wecould solve these problems, both users and
caregivers would find the VBD to be a highly
attractive solution for eye motion based
communication and control.

The problem is further broken down as follows:

1) Determining the causes of unreliable blink
detection and finding cost effective solutions to these
problems.

2) Reducing the caregivers' burden in setting up and
adjusting the device by:

a. Reducing the time required for initial set -up
b. Reducing subsequent adjustments during use

APPROACH

The approach was A) to conduct experimental
research to isolate the specific problems with the
existing analog approach and to B) design a device
which incorporates cost effective solutions to these
problems.

A) Experimental Research into the causes of
unreliable performance in analog blink detection
systems isolated the following areas (in no particular
order) which contributed towards false positives or
false negatives in blink detection:

1) Detection Reliability Issues:

a. Variations in the amplitude of the users'
blinks.

The effect of eyelashes which can
intermittently reflect the infrared energy.
This was most often manifested by "multiple
activations" for a single blink.

c. Variations in outside sources of infrared
energy (e.g. sunlight, incandescent lighting)

2) Set -up Reliability Issues:

a. Improper alignment of sensors with respect to
the eye.

b. Improper adjustment of "blink threshold ".

c. Improper adjustment of the time required for a
blink to qualify as a voluntary blink.
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Reli able Bli nk Detec tion Te c hnol o gy

B) Des ign Solut ions to improv e re liabi li ty were
implemented by us ing a  microprocessor to analyze
and process  the s ignal from the sensor. The same
microprocessor p rovided a  conve nient method of
assisting the caregiver in set-up and adjus tment.  The
specific design solutions are presented below:

Solutions to Detection Reliability Issues

la) A solution for amplitude variations cons ists of an
al gor i t hm whi c h cons tantly updates the "b li nk
threshold" based on the weighted average amplitude
of previous blinks.

lb) A "hold off ' algorithm was implemented to keep
eyelashes from inad ver tently reacti vating the
BlinkS witch immedi ate ly after a  vali d volu ntary
blink.

1c) A pulsed infrared source is used for i llumination
of the  eye by the sensor. The ambient IR radia tion
level is  measured when the infrared source is off and
then measured again when the infrared source  is on.
The ambient radiation level is  then subtracted from
the level when the  infrared source  is  on , therefore
nullifying the effect of ambient radiation.

Solutions to Set-up Reliability Issues

2a)  T he so lu tio n to  the  se nso r a l ignme nt  is su es
involves  the  foll owing items: pro viding a  "s ignal
strength" lamp which shows the  operator the level of
reflected light ; provid ing a n infr ared detect or of
adequate " field of view" to be  tolerant of alignment
errors  while  s ti l l being narrow enough to make the
change in reflectance significant with respect to the
background noise; and providing complete  detailed
instructions for the alignment procedure.

2b) Automatic  calibra tion of the " blink threshold"
based on the first  blink with automatic " fine tuning"
over subsequent blinks.

2c) A non -adjus table time period is used to
differentia te between a voluntary and an involuntary
blink.

D E S IG N  &  D EV ELO P M EN T

The de s ign a nd de velopment of  BlinkSwitc h was
undertaken with a sys tems engineering methodology
- in ot her  wo rds , all  of the  de s ign f eature s  were
assumed to be interactive. For example, our research
indicated that improp er sys tem set -up by the
caregivers  was  a  significant factor in lowering the
reliabili ty of the device. Furthermore, that feedback
was an important feature  to help caregivers se t -up

properly . Our sys tems  des ign approach therefore
included a signal s trength lamp to help the  caregiver
to prope rly a lign the  ey eglass  mounted s ensor in
addi tion to the  p roce ss ing the  raw data  from the

sensor.

Vigure  1 describes  the  BlinkSwitch sys tem. The
BlinkSwitch consists  of a  Sensor Assembly which is
mounted onto the frames of eyeglasses (lenses can be
removed for those with adequate uncorrected vision)
which is connected via  cable to a Control Box which
contains the bulk of the electronics.

Sensor Assembly (mounted on glasses)

IR Detector

Pulsed IR Emitter

csnt�

Amplif ier

� o Amp lifier

A/D Converter

Microprocessor

User Controls Relay
and Displays

Switch Output
to Computer

Control Box

Blinkswitch Block Diagram
Figure 1
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The Sensor Assembly consists of wavelength
matched IR diode and IR detector with appropriate
hardware for mounting and aiming these devices on
the eyeglasses. The IR illumination is created by the
IR diode which is pulsed under the control of the
microprocessor. The IR energy reflected back to the
IR detector is proportional to the degree that the eye
is closed.

The Control Box Assembly analyzes the signals from
the sensor assembly, handles user inputs and
displays as well as providing the switched output
when a Voluntary Blink is detected. The signal from
the IR Detector in  the Sensor Assembly is first
amplified then digitized via the D/A converter so that
numerical operations can be performed and so that
the signal level can be "memorized" for use in the
algorithms which determine that a blink has
occurred. The Blink determination methodology is
discussed in the approach section.

User - controls have been minimized to eliminate
confusion. These controls consist of a power
switch, a reset switch, and a bypass switch which
simulates a blink for caregiver testing.

User - displays utilize different color lights to provide
the users with maximum feedback (a key feature in
increasing reliability). These displays include: a
Power -on lamp; a "Signal Strength" lamp depicting
the intensity of reflected IR from the sensor (for use
during set -up); a lamp which illuminates each time
that the unit appears to have detected a blink of any
kind; and a lamp which lights when a voluntary blink
has been confirmed.

The BlinkSwitch has been designed to  meet the
objectives of reliability and low cost while
incorporating attractive packaging and ergonomic
design features.

EVALUATION

The Blinkswitch is currently going into beta testing.
Early results have been extremely encouraging in
showing that this approach may be almost an order
of magnitude more accurate than conventional analog
blink detectors. While the cost to produce this unit is
somewhat greater than conventional units, it  is
expected that this cost will add no more than $75 to
the eventual retail price.

DISCUSSION

Blink detection has always been the most cost
effective method for communication and
environmental control for those individuals whose
motor coordination is limited to eye /eyelid motion. It

is hoped that the increased reliability and ease of set-
up of B1inkSwitch will lead to increased acceptance
of blink detection technology for those who can
benefit from it.

ACKNOWLEDGEMENTS

The work of Phil Malone, Bill Sachs and Bob
Murphy in developing the B1inkWriter and the later
Blinkswitch systems is hereby acknowledged.
These gentlemen performed the bulk of the research
and development of this device as volunteers in
Volunteers for Medical Engineering, Inc.(VME).

ADDRESS

Mr. Jeffrey Jerome
VME Technologies, Inc.
5202 Westland Blvd.
Baltimore, MD 21227
(410) 455-6395

560 RESNA International '92 • June 6 -11, 1992



Th e  C H E C  2 ,  I n t e g r a t e d  E n vi r o n m e n t a l  C o n t r o l  S y s t e m

Ed Snell, CET., Larry Silver and Chris Ridpath
Responsive Development Team
Bloorview Childrens Hospital
willowdale, Ontario, CANADA.

ABSTRACT

As more persons with severe and complex
disabilities move into community based
living situations, there are increasing
demands on technology to facilitate
independence with activities of daily living.
Many technologies currently available are
function specific, ie. a system to control
the lights and a separate system to operate
the telephone. Each system has its own access
strategy and requires separate input switches
and sites. The Computerized Home
Environmental Control (CHEC 2) is an
integrated environmental control system
providing control of 256 devices operating
from household current, 16 single switch
functions, telephone control and 108 home
entertainment functions through the use of
only two user interface "switches ". The same
two switches allows the user to completely
setup or modify the system configuration.
Basic emergency functions are battery backed
up in the event of a power failure.

INTRODUCTION

Application of appropriate levels of
technology in conjunction with attendant care
support and more accessible housing allows
many persons with disabilities to live
independently in the community. Only a few
years ago these persons would otherwise be
confined to an institution and restricted
from maximizing their potential. Limited
availability of attendant care time requires
persons with disabilities to utilize
technology in the community to perform
functions previously augmented by the helpful
hands of institutional health care staff.
However, many technologies developed to
perform environmental control functions have
focused on specific short term needs and have
not addressed the more global needs of
persons in independent living situations.
Operating characteristics of each piece of
technology are often unique and exhibit
generally poor correspondence between visual -
perceptual feedback and functions performed.
Learning curves to develop proficiency with
such technology are extended and are
adversely affected by cognitive deficits.
Accessing various functions through the same

P3.8

techniques and providing more personalized
feedback greatly reduces learning/ training
time.

BACKGROUND

The CHEC 1 firmware concept was developed in
1986, initially for the Muscular Dystrophy
(MD) population, based upon the Commodore C64
personal computer. The complete system was
operated through two interface "switches"
selected and positioned for a particular
individual's needs. The user switches allowed
the user to scan and select functions
presented in menus on a video monitor. Two
prototypes were constructed; one still
remains in use today. The system function was
limited by the computer's small memory size
and the fact that it primarily controlled
existing technology designed for single
switch access. If the power failed, someone
had to reload the software by accessing the
C64 keyboard. Field testing guided designers
to incorporate many new features in the
development of the CHEC 2.

THE CHEC 2

PHYSICAL DESCRIPTION

The CHEC 2 is housed in a non - obtrusive,
table mount, 19" enclosure with an internal
card cage. Function specific environmental
control cards are inserted into the rear of
the enclosure, forming the rear panel. A
3.5 ", 720K, disk drive is also mounted in the
rear panel where the main program software
and the user configuration information is
stored. All connections to the CHEC 2 are
made via the rear panel. The front panel
contains two lighted pushbutton switches
intended for casual control of the system
while the switch illumination indicates the
system is functioning correctly.

Accessories provided with the CHEC 2 include:

1) Monitor /Television
2) X -10, CP290 controller
3) Speakerphone
4) CSA /UL AC adaptor
5) PC -XT keyboard

RESNA International '92 • June 6 -11, 1992 561



The CHEC 2

THE VISUAL DISPLAY

A monochrome video monitor or a black and
white television is used to display menu
lists of labels which can be scanned and
selected, with a highlighter bar, by the user
input switches. The menu definitions are
illustrated in Figure 1. Only three menu
lists are supplied with the software, the
MAIN, PHONE and UTILITIES lists. All other
label lists are created and organized by the
user to provide meaningful correlation to
their personal applications. The additional
user lists may be set up much like a software
flowchart where one list may branch to
another and so on. The user lists are stored
on the 3.5" disk which is the only limitation
to the number of lists created (no one has
ever exceeded the disk capacity).

MAIN L I S T - - - - i I i stname

direction Indicator

branch Indicator oGO TO TV LIST

*GO TO PHONE LIST Ighli ghter

«GO TO STEREO LIST
*GO TO LAMPS LIST abet names

FAN
HLMIDIFIER

*BEDROOM THINGS
long li st indicator DOOR OPENER

Figure 1: A typical CHEC 2 Menu_

The user input switches normally perform scan
and select functions on the lists. When the
user selects to create or modify a label on
a list, the scan /select switches
automatically become morse code switches to
enter label characters. After the label
characters have been created with morse code,
a morse code "carriage return" signals the
system to return the switches to the normal
scan /select mode. A PC -XT compatible keyboard
is supplied along with the system, allowing
someone not familiar with morse code, to
setup or modify lists of labels using
standard keystrokes.

A screen saver routine has been built into
the software that automatically switches off
the menus when the user switches have not
been activated for a period of time. This
feature extends the life of the monitor. Any
input switch activation returns the system to
normal display.

FUNCTION SPECIFIC CARDS

X -10 /Ultra -4 /Single Switch

X -10 Homecontrols Inc. manufactures a wide

range of remote control products for
household power control including appliance,
lamp, security and universal modules. The X-
10 functions are controlled via the X -10
Model CP290 which provides the, CSA /UL
approved, isolated connection between the
CHEC 2 and home power lines. The hardware on
this card communicates with the CP290 to
identify which of the 255 possible X -10
modules to control and whether the desired
function is ON, OFF or DIM (lamp modules
only).

The Ultra -4 product line is marketed through
Technical Aids and Systems for the
Handicapped (TASH). These products are
controlled through ultrasonic signals which
are generated by the CHEC 2 hardware. All
four frequencies are supported.

There are a wide variety of products from
many manufacturers which are intended to be
controlled from a single switch. Some
examples might be personal tape recorders or
transmitters for power door openers. The CHEC
2 provides 16 isolated single switch outputs.

Telephone

The CHEC 2 telephone board is intended to be
used in conjunction with a commercial
speakerphone. The telephone board provides
Touch Tone and Pulse dialling, Direct
Dialling, Last Number Redial, Call Waiting
and Call Hold functions. The software allows
the user to create a directory list of names
(which is automatically alphabetically
sorted) with the actual telephone numbers and
personal information imbedded behind the name
(much like a card file). Dialling is
accomplished by merely selecting the name.
Power for the speakerphone is supplied from
a battery backup within the CHEC 2 described
later in this paper.

Home Entertainment

Most modern home entertainment systems are
available with infrared remote controls, but
their operation is manufacturer dependent.
Trainable infrared controls are available on
the consumer market to reduce coffee table
clutter of multiple infrared controllers. The
CHEC 2 incorporates a 108 function trainable
infrared control that has provisions for
multiple infrared beacons. The 108 functions
can be designated in any manner the user
requires for their home entertainment
configuration.
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Power Supply

The external table top AC adaptor for the
CHEC 2 has multiple safety approvals
including CSA and UL. The input power
requirements are 90 to 250 VAC, 50 - 60 Hz
only requiring a cord set change to make it
compatible around the world. The DC output
connects to the CHEC 2 POWER card and
supplies power to the various electronic
circuits in the CHEC 2. The POWER card
charges an internal backup gel battery and,
during power failures, converts the battery
energy to the appropriate operating voltages
for the CHEC 2 including 9 volts DC for the
external speakerphone.

THE SOFTWARE

The software communicates with the various
function cards over a parallel proprietary
bus. The software allows the user to perform
sequential unrelated functions from a single
menu selection. A common desired function
might be to MUTE the stereo or television
when answering the telephone. The user
creates a label for this called "ANSWER" and
then is allowed to select any other labels,
previously created, to be performed. This
feature is called PICK EXISTING and the user
would select ANSWER THE PHONE, MUTE STEREO,
and MUTE TELEVISION. The CHEC 2 performs the
new ANSWER label like a batch file.

The flexibility of the software design allows
the user to create function names that are
personally meaningful and facilitates rapid
competency with the CHEC 2.

The software provides the user with utilities
for adjusting the menu scanning rate (a
number from 1 to 30) and the scan type (HOLD,
STEP or AUTO) . Another utility allows setting
one or two switch morse code and the input
rate for one switch morse code. Auditory
feedback is provided during menu scanning and
morse code entry which the user can adjust
the volume level. Any function that the CHEC
2 has been setup to perform can be performed
as a timed function. The TIMER utility allows
the user to establish events to occur on a
weekly 24 hour basis. These can be setup
using the PICK EXISTING facility.

EMERGENCY OPERATION

In the event of a power failure or a hardware
malfunction, the CHEC 2 enters an emergency
mode of operation. In this mode the two user
input "switches" become specific function
switches. One switch controls the telephone

board to answer incoming calls or to dial the

operator for assistance. The second switch
now controls single switch output #1 for
whatever the user may wish to activate. The
internal backup battery will provide power
for 24 hours.

CONCLUSION

Two prototype CHEC 2 systems have been in
existence for approximately three years. One
system has been used in an independent living
situation while the other unit has been used
for testing and demonstration. There have
been only minor problems which have been
addressed. The CHEC design has been
formalized and ten units constructed for
local distribution.

The CHEC 2 represents a top end integrated
environmental control system providing the
user with a means to rapidly gain proficiency
through personalized characterization. It is
anticipated that the CHEC 2 will have a
significant positive impact on the quality of
life with independent community living.
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A B S T R A C T

AbleAIDE is an expert system designed to encourage disabled
students to take science and technology courses by matching
assistive devices to the requirements of such courses. AbleAIDE
assists a college counselor by proposing specific assistive
devices or accommodations based upon an individual student's
disability and the course task requirements.

B A C K G R O U N D

AbleAIDE forts the core of a researc h study investigating
methods to encourage more disabled students to take science and
technology classes and to consider a career in science or
technology. This research study is being conducted as part of the
National Science Foundation's ACCESS Project.

STATEMENT OF THE PROBLEM

Disabled students have been traditionally under - represented in
science and technology professions. AbleAIDE is an attempt to
make it easier for a disabled student to succeed in a science or
technology course by explicitly defining the course task
requirements and finding appropriate assistive devices to allow
the student to meet these requirements. The AbleAIDE concept
is shown in Figure 1.

Talc

a _

cw.mx,
An� atmenl

oa� c.
ewa.a«,

Figure 1

AP PR OA CH

There are a fair number of on -going projects that involve expert
systems or decision aids applied to disability issues. Further,
references throughout the literature indicate that this is an area
for fruitful research. For example, in the Assistfve Technology
Sourcebook, Kathy Lee is quoted (1): "When only a few options
[ assistive devices] existed, a trial and error method or trying on
of access systems was feasible and not impractical. With a
proliferation of access systems, it is now necessary to
systematically and objectively consider options to determine
which will best satisfy the users needs and abilities."
Unfortunately, most of the projects currently under deveopment
that are related to device selection have a very narrow
perspective.

It appears that all of the device selection systems under
development or currently available were forced to focus on a very
narrow segment of disabilities, tasks to support, and/or assistive
devices because they attempted to make a very specific
recommendation. It seems possible that by keeping the
prescriptive activity at a more general level, the expert system
might become manageable across a wider spectrum. While this
would not provide a replacement for the professional therapist, it
could significantly enhance the ability of either a professional or
non - professional to locate a group of devices that could then be
considered using good old common sense. The final selection
should be left in the hands of the disabled individual and the
counselor anyway.

A critical problem in the use of an expert system for device
selection is the type of data available in on -line databases of
assistive technology. While there are large numbers of devices
indexed, the amount and types of data available for each device
is, in general, insufficient to make a selection.

Databases
There are many assistive device databases currently available
which could form the basis for the device database segment of
Ab1eAIDE. ABLEDATA and its Hypercard implementation,
HyperABLEDATA, contain the largest number of devices. This
fact led us to use ABLEDATA as the starting point for the
AbleAIDE application.

The key deficit in all known device databases is the lack of
quantified, specific attributes for each product that would allow
direct selection of the single best product for a particular
application. In general, databases contain an abbreviated
description extracted from the manufacturers sales material. No
verification of performance to these specifications is provided.
George Kondraske (2) suggests that buying assistive technology
without quantitative performance data is like "purchasing
clothing from a catalog without size information." This analogy
can be extended to show that complete quantitative information
is not always required. For example, some clothing items such
as handkerchiefs do not require quantitative size information for
success. Also in some cases only a subset of quantitative
information is pertinent, For example, shoe size is irrelevant to
buying a shirt. Even in light of these latter examples, a
significant enrichment of existing databases in terms of
quantitative data or attributes is necessary.

AbleAIDE design concept
The most important aspect of the AbleAIDE design seems to be
the consistency of the attributes used in the task assessment, the
capability assessment, and the device database. In this section,
we present a basic concept for a system that takes advantage of
many of the existing systems.

T a sk  a n d  c a p a b il i ty assessmen t con cep t. In general,
the task and capability assessments will be conducted by asking
a series of questions to which the counselor and student will
respond. These questions will be tailored to the particular class
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or curriculum desired, rather than to the more general totality of
life's functions or student's capabilities. The rationale for this
limitation is d epicted in Figure 2. As shown, the capabilities
required to succeed in a college course are a subset of the total
individual capabilities required for life. Many of these life -
function capabilities may also be outside the individual's
personal capabilities. Some may be necessary for the individual
to live independently or gain employment but are not required for
his/her education. The most important portion of the capability
space is that segment required for the specific class or curriculum
under consideration that is outside the individual's capability
space (as depicted by the shaded portion shown in the figure).
Thus, the goal of the assessment activity must be to determine
the content of this shaded area.

Figure 2

Based on this concept, it is proposed that the initial step of the
assessment be the task (class or curriculum) assessment. This
assessment could be performed off -line from the student
counselor session.  Alternatively, the capability might be
present to develop the task assessment during the
student/counselor ses sion. Only high enro llment courses might
be developed off -line, with less frequently offered courses
developed as required. Once developed, the capability should be
provided to store the developed course assessment for future use.
In this way, the catalog or database of task descriptions would
evolve over t ime.

In general, the questioning would address skills by categories.
For example, general education skills, such as wading a
textbook, listening to lectures, taking notes, taking tests, doing
homework, or asking questions in class would constitute one
category. A second category would be devoted to capabilities
required for a particular course. These might include using a
computer or working in a chemistry lab. The response method
might be patterned after the OT Fact model, with the answer to
each category or subcategory question being one of: total,
partial, or no requirement for the particular skill. No additional
questioning would be required for a total or no requirement
respons e. The no requirement response would imply that the
student would not be required to perform any of the category
actions. A partial capability response would produce a more
detailed level of questions. For example, if the task/course
required only partial use of the computer, it would be important
to know if:

1) us ing a keyboard, a mous e or other manipulative device
is required, or

2) whether seeing the screen is required, etc.

It may be necessary to display the functional content of a
category to allow the counselor to make a reasonable assessment
of the total, partial or no capability requirement at a given level.

The capability assessment for a particular student would follow a
path parallel to the course requirement assessment. That is, the
question categories for the capability assessment would be
consistent with the course requirement assessment. The system
will only display those categories required for the particular
course. For example, computer -use questions would not be
presented if computer use was not prescribed in the task
assessment. It is assumed that a student profile based on total
education capability or at least general education capability
requirements could be made once and stored. Using this stored
profile, the number of questions could be further reduced As the
student takes more courses and the profile becomes more
developed, the questions for a new course would be further
reduced There may be a need for a curriculum -level assessment
to allow a high level assessment to be performed before a student
starts down a path that might eventually have an insurmountable
capability requirement. Even if the decision was to proceed
down the apparently impossible path, the counselor and student
would have an early awareness of the future needs that would be
the most difficult to meet. For examp le, if special equipment
would have to be fabricated for a particular course, sufficient lead
time might be gained through this mechanism.

Da ta b ase a ttrib u te concept. The datab as e des ign must b e
attribute rich. The attributes must parallel those contained in the
task and capability assessments. That is, it does no good to
determine that certain capabilities are required for performance of
a given course and then to not be able to search the database on
those same attrib utes. Even with a rich, consistent attribute set
there may be complications to overcome.

The AbleAIDE database needs to be structured so that any
product can be allocated as many attributes as exist. This
approach is similar to that employed in the Closing The Gap
database of assistive devices. The design starts with some
attribute categories to aid in the design and the organization of
information; however, these categories are not restrictive. That
is, a database entry or product can have multiple attributes
within any category. Thus, a product could, theoretically, have
every attribute contained in the database. The goal of this
approach is to allow products that might normally be viewed as
products for a particular disability to match the requirements for
a different disability or use than generally considered. This
richness would be a significant benefit for the user of the
system.

It may be valuable to include non - product accommodation
techniques in the database. This is particularly true where a
capability is required for certain courses which is not currently
met by any product but could be met by some alterative
teaching approach or other accommodation. Forexample, a
tutor or interpreter might be the optimal solution for a given
task, rather than any technological device.

DIS CUS S I ON
Given the definition of the two major components of the
AWAIDE system described above, it seems appropriate to

RESNA International '92 • June 6  -11 , 1992 565



ABLEAIDE EXP ERT SYST EM

present an overview of the proposed process flow. Figure 3
Pictorially describes the process flow.
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Figure 3

The process begins with the student and counselor discussing and
arriving at a proposed course of study or a single course. The
system is entered with a request for information on that course of
study. If a task profile has been previously entered, the system
would retrieve it. Otherwise, the counselor is  prompted  to enter
the necessary descriptive data on the course and that description
is archived.

The required capabilities for the course are passed to the
capability assessment portion o f the program. If the student's
profile or partial profile has been previously entered, the system
retrieves it and uses it to make an initial assessment of student
capability fo r the course. Note that the profile c ould include
capability provided by previously acquired assistive technology.
If no student profile exists or the profile is inadequate for the
particular tas k being evaluated, the sys tem will prompt the
counselor and student for additional data to complete the profile
as needed for the task under consideration. It is not intended that
the complete profile of the student be entered in this real-time
sett ing. A possible off -line student profile entry capability
might be o f value.

Once the student capabilities are available, they are compared to
the task requirements . The deficits in this comparis on are the
requirements that  must be met by s ome means other than the
student's current capabilities . If no deficits exist for the
particular course, then no additional assistive technology or

accommodation is needed for the student to attempt the course.
Some additional data may be necessary at this point if deficits do
exist. In particular, data such as the available dollars or the
interface requirements to existing student -owned assistive
technology, would be required. These data would be incorporated
with the task deficit data and used to search the database for a
product, products, or other accommodation technique that could
allow the student to successfully attempt the course.

The results of the database search would be presented to the
student and counselor along with the results of the overall
assessment and search process. The presentation would be in
the form of alternatives, rather than a s ingle "right answer." It is
left for the counselor and student to make final decisions
concerning which alternative to follow or perhaps to conclude
that all alternatives are infeasible or undesirable. The
presentation of products should at least present or highlight
differences among the products presented. That is, some form of
product strength and weakness profile for the particular
application should be available to the student and counselor for
their decision process.

It is possible to visualize a sys tem which works with the student
and c ouns elor to d etermine whic h of several o ptio ns is  bes t by
as king fo r ad ditio nal info rmation. T his  p ro c es s would aid  in
comparing one product to another and eliminating those devices
that do not satisfy the student.

A prototype of the AbleAIDE s ystem is currently being built to
test the thesis that the provision of appropriate assistive devices
will encourage disabled students to pursue courses and careers in
science and technology.
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Ab strac t

A user interface d es ign method,  which c onsiders the us er 's
physical characteristics and utilization features, was discussed.
An in p ut d evic e  fo r the p hys ic ally  hand ic ap p ed  an d  an
input/o utput d evice for the visually hand icapped , with appro-
priate design were developed.

Develop ment o f p ers onal co mputer input/output devic es for
the handicapped is very significant, because the devices allow
them to make sentenc es  o r o btain s ome informatio n while
using the devices. Ho wever,  d evelo pment is  very d ifficult ,
becaus e every hand icapped person has his or her own handi-
cap  p art  and level, so  a devic e,  whic h has  a fixed interfac e,
cannot cover many users'  needs. Therefore, high adaptability
is demanded to make an appropriate user interface for them.

This highly adaptable user interface is called a "Personal Inter-
face". The d esign method  was  p ro po s ed ,  c o ns idering the
users'  physical characteristics and utilization features. Further,
the metho d  was ad ap ted  to d evices  des igned for b oth the
physic ally and vis ually hand icap ped ,  who enc o unter great
diffic ulty in using an o rd inary p ers onal c omp uter,  and  the
"Soft Keyboard" and "Braille Partner" were developed.

1. Intro duction

Much information can be obtained and sent using a p erso nal
computer (PC), creating a meaningful life, owing to expansion
of info rmatio n p ro ces s ing tec hniq ues . The p hys ic ally o r
visually hand ic ap ped,  ho wever,  find d ifficulty in ob taining
these benefits, b ecause they find it very hard  to use the key-
board and  see the display. If they were able to use a PC very
easily, they could make sentenc es and exp ress their thoughts,
even if they canno t talk. They c an ob tain muc h information
using a PC network, even if they cannot go out. These actions
expand the worth of their life and allow them to study or work

[l] .

In Japan, MIT I(Minis try o f International Trad e and
Industry) presented guidelines for accessibility to information
proc es s ing eq uip ment in June 1990 [2].  T he guid elines de-
scribe 4 kinds of aid, (1)keybo ard , (2)d isp lay, (3)doc ument
and (4)s upp orting facilities,  to allow using these equipments
easily. Research on interface design and input/output d evice
development in this field are foreseen to be very useful.

2. Concept For d eveloping better devices

The main c o nc ept in d evelop ing input/o utp ut devic es with
suitable interface for handicapped persons is to design a highly
adaptab le interfac e. Every handicapp ed pers on has his own
handicapped part and level, so a fixed interface places limits on
the user. Moreover, some handicap ped  persons c an change
their handicap level.

P3.1O

Another concept is to design an interface to fit every use. If a
PC has many software programs and many usages, it would be
effective to use an adapted interface.

3. Pers onal Interfac e des ign method

The following discusses making the highly adaptable interface,
called  "Pers onal Interface ",  considering the user's  individual
physical characteristics and utilization features [3].

3.1. Analysis o f the user' s p hys ical c haracteristics

This analysis was made to enable classifying the users '  actions
and movement cap acity levels, as well as to ob tain a s uitable
interfac e at  eac h level. Designing the "P ers onal Interface"
was implemented to o btain an adaptab le interface, which can
select and set every interface easily.

For example, a user's key stroke ability level c an be classified
fro m their hand  ac tio n,  ac c ord ing to  whether they c an us e
finger, hand, and other points of their body. Then, a key input
method or key size for the keyboard can be decided which can
ad apt to  eac h p hys ic al movementab ility level.  F urther,  the
"Pers onal Interface" can be d esigned using thes e analysis  re-

sults.

3.2. Utilizatio n features analys is

This analys is was made to  c lass ify the s oftware use, and to
o b ta in a  s uitab le in terf ac e o n e ac h leve l.  Des ig ning  the
"Pers onal Interface"  was implemented to achieve an adap tive
interface which can also select and set every interface easily.

For example, usage can be classified, like reading a newspaper
or word selectio n from a dictio nary. Then, reading and  selec-
tio n func tio ns  are d es igned  as  an interfac e. F urther,  the
"P ers o nal Interface"  can b e des igned us ing these analys is

results.

4.  "Pers onal Interfac e"  design for hand ic ap ped

An interface was  designed for the upper limb and the visually
handicapped, using the "Personal Interface" design method.

4.1. Interfac e design for the up per limb  handicapp ed

It  is necess ary to  d es ign an interface into whic h data o r in-
structions can be easily input, because the handicapped find it
difficult to or cannot strike keys on a keyboard.

In an analys is on the users '  p hysical characteris tic s, the p er-
son's key stroke action level capability must be classified. An
analysis o f the handicapped p ers ons  ab ility level, number of
controllable keys  and  a suitable interfac e are s hown in Table
1. If  a person can use his fingers, he can strike a litt le bigger
key, so an interface which strikes keys directly is suitable. If a
person can strike two more keys,  using his fist, an interface is
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suitable whic h can be used to  strike s ome keys  to select  the
letter he wants inp ut. If a person cannot use his hand, but can
control one switch, using his breath or by winking his eye etc.,
an interface is suitable, which inp uts  when s canning the let ter
he wants to input. "Personal Interface" is to get adaptive inter-
face which c an select and set individual interfaces easily.

In features  utilizatio n analysis  involves  c lass ifying s oftware
use. An analysis o f usage, software and a suitable interface is
shown in Table 2. The main usage to  allow the handic apped to
communicate by making some sentences. In this case, the user
can handle the wo rd  process  functio n, so the func tion which
can easily select and cho ose a Hiragana (comb ined conso nant
and vowel Japanese character) key. In the case o f using math
ed uc atio n,  a go o d interfac e must be ab le to  input a number
eas ily. "P erso nal Interfac e"  is  o btain an ad ap tive interface,
which can be used to select  and set individual interfaces easi-
ly.

4.2. Interface design for visually handicapped

A device, which can be used to input data very easily, because
of the diffic ulty in making a key decis ion, and can read text on
the display, using some other method, is effective for the visu-
ally hand icapped.

In analysis  of users '  physic al characteris tic s, it is p ossible to
clas s ify hand ic ap  level and  Braille us age level. Hand ic ap
level, braille usage level and a s uitable interface are shown in
Tab le 3. For a perso n who can hardly see, an interfac e us ing
voice or enlarged text is suitab le. For a person who cannot see
and does not know Braille, an interface using voice is suitable.
A person who  kno w Braille c an use Braille input/output inter-
fac e and  vo ic e o utput interfac e. "P ers onal Interface"  is  to
ob tain an adaptive interfac e, whic h c an s elect  and set every
interface eas ily.

In utilization features analysis, the usage contents can be classi-
fied . Us age and  a s uitab le interface are s hown in T ab le 4.
Their majo r uses  are reading and  making sentences, selecting
a wo rd  in a dictio nary and  exc hanging info rmatio n us ing PC
c o mmunic atio n. Therefo re, reading and  wo rd  pro c ess ing

Table 1. An analysis on the users '  physical characteristics for
upper limbs handicapped

level keys interface

fingers more than 10 directstrike
fist 2 - 9 select input key
other points one scan and input

Tab le 2.  Features utilizatio n analys is fo r upp er limbs  hand i-
capped

usage software interface

communic ation word process Hiragana keys
education math, science... number keys...
business accounting

...
number keys...

functions , looking up  a word func tio n using CD -ROM, and
PC communication function are designed as an interface. The
"Perso nal Interface" is to  obtain an adaptive interface, which
can use every function easily.

S. Development of devices for handicapped

The autho rs d eveloped  an input device,  "So ft Keybo ard"  for
the up p er limb  hand ic ap p ed,  and an inp ut /o utp ut d evic e,
"Braille Partner " , for the visually hand icapp ed, us ing a "Per-
sonal Interface" design method.

5.1. S oft  Keyb oard (Flexible Keyb oard)

A "Soft Keyboard"  was designed to improve accessibility for
peo ple with upp er limb hand icap [4].  T he "So ft  Keybo ard"
co ns is ts  o f a to uc h s ens it ive d is p lay,  to uc h p anel,  s o me
switches, like a breath switch, and ap propriate software. The
touch sensitive display, with touch panel and switc hes, func-
tions as a keyboard and operates under the control of software,
as  s ho wn in Fig. l. Key size, po sition, content and activating
pressure are d etermined  b y s oftware pro grams.  Key inp ut is
carried out in three different ways, (1)touching the key on the
display direc tly, (2)moving the cursor, using a touch panel, to
as sign the d es ired character and (3)press ing the input key,
using some switches while the characters  are scanned sequen-
tially.  F urther, ed iting s oftware,  which can design key s ize,
position and content, is also provided to support user customi-
zation.

5.2. Braille P artner (Braille Perso nal Co mputer)

A "Braille Partner"  was d evelo ped  to  s up p ort  the vis ually
handicap ped [5]. I t co nsists o f a Braille keybo ard, a Braille
pin display, a text to speech s ynthesizer and contro l software
attached to the NEC "PC- 9801" personal computer, as shown
in F ig.2. T he Brail le keys  layo ut was  d etermin ed  und er

Table 3. An analysis on the users '  physical characteristics for
visually handicapped

interface

level Braille input output

hardly see enlarged text
blind unknown voice

understand braille keyboard pin display
voice

Table 4. Features utilization analysis for visually handicapped

usage interface

reading and reading and
making s entences word processing

selecting a word looking up a word
in a dictionary in CD -ROM

exchanging information personal computer
communication
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Fig.l. Soft Keyboard  (Flexible Keyboard)

guidance from the input/output systems development commit-
tee,  s p ec ially o rganized fo r the visually hand ic app ed . The
Braille pin dis play can display 40 characters at  a time, which
correspond to a row on the screen. The text to speech synthe-
sizer generates  so und from text,  inc lud ing Kanji (Chines e
ideographs) characters, which have several different pronunci-
ations , where each Kanji character c an be pronounced d iffer-
ently, depend ing on the co ntext. These functions are utilized
for confirming the key input, as well as for reading the text on
the screen. The total software, with reading and word process-
ing,  loo king up  a word  in the CD -ROM dictionary and c on-
necting PC communication network, was also developed.

6. Evaluation o f inp ut/o utput devices

The authors are now evaluating "Soft Keyboard " and "Braille
Partner '  in sp ecial educatio n schoo l, rehabilitat ion center and
welfare center. Many handicapped persons use these devices
directly, and are evaluating usability.

They are using "Soft Keyboard" to make sentences for human
communicatio n and to study us ing ed ucatio n software. They
consider it is very effective. There are also s ome requests to
miniaturize and make it portable and to settle a voice function,
whic h sp eaks  what they input.  They are als o using "Braille
Partner", which co nnects  a PC  netwo rk to get so me informa-
tion, like news, and to communicate with some other member.
This is very effective,  to o. There are als o s ome requests  to
simplify its operation.

7. Discussion

It is important that the personal computer input/output device,
which can be easily used by the handicap ped, can be used by
many p ers o ns  and  fo r many us es . The autho rs p ro p os ed
"P erso nal Interface" d es ign method  c o ns id ering the users '
phys ical c haracteristic s and utilization features. Further, the
interfac e was  adap ted for the physically and vis ually hand i-
cap ped , who  have great  difficulty in using a c omp uter. The
authors developed "Soft Keyboard" and "Braille Partner".

Fig.2. Braille Partner (Braille Personal Computer)

A further appro ach to "So ft Keyb oard " is to  co llec t d ata re-
garding suitable key size, position and co ntent, and to consult
with appropriate personnel to easily obtain a suitable interface.
Further app ro ac hes to "Braille P artner" is the ab ility to  use
Kanji Braille, and to make so me functions to use many soft-
ware programs for them. "Personal Interface" design method
is also use to develop new devices for the handicapped, and its
use was s tarted in other fields, like for aged  persons  and  pa-
tients in a hospital.
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CONDITIONS FOR FULL ACCESS TO THE GRAPHICAL USER INTERFACE:
TECHNICAL SOLUTIONS AND AVAILABILITY

Lawrence Boyd, Wes Boyd, Joseph Robinson, Marc Sutton, Jane Berliss
Berkeley Systems, Inc., Berkeley, California

INT ROD UCT ION

Forces of revolutionary significance in computer
technology were  loosed by the  development of the
graphical user interface (GUI). GUI is easily disting-
uished by the extensive use of object metaphors (icons,
windows, and other visual control techniques), the
prolific use of graphics to convey information, and the
use of a mouse for cursor pointing and control.
Ironically, even as  the new interface provided new
power and ease of use to sighted people, its technical
differences and increased dependence on visual
metaphors virtually obliterated existing computer
access technology for blind people (3).

To avert the seemingly inevitable disaster, two things
had to happen. The technical problems of accessing
the GUI first had to be solved; the solutions then had
to be made available and adaptable. This paper
describes how these two issues are being addressed.

THE FIRST CONDITION FOR EQUAL ACCESS:
TECHNOLOGICAL SOLUTIONS

What was immediately intuitive to many people has
been confirmed by scientific research: for sighted
users, the GUI is easier to learn, speeds up commu-
nication with the computer, and enables more
professional - looking and attractive presentations (8, 9).
Graphics -based operating systems are now being
developed by all major manufacturers and are
emerging on increasing scales in employment,
education, and community settings (4, 7).

Unfortunately, these systems initially had inherent
obstacles for blind users. Technical solutions to this
access problem faced three formidable barriers: the
use of pixels instead of a text buffer, the reliance on
graphics to convey information, and the use of the
"mouse" cursor control device.

Accessing text through the off-screen model
Unlike earlier computers, graphics -based computers
do not have a text buffer for storing characters and
displaying them on the computer screen. Instead, the
representation of the screen in memory is made up of
pixels (dots). Both text and pictures are displayed in the
same way. A pro gram sets the appropriate pattern of
dots in memory, and this pattern is then "painted"
onto the screen as clusters of selectively darkened
pixels. The problem for conventional screen access
software programs is that they depend on the presence
of a text buffer, and cannot interpret clusters of pixels
appearing on the screen.

The strategy that finally cracked the pixel barrier
grabs" text information before it gets to the screen.

The information is intercepted and stored in a special
database before it is displayed on the monitor. This
database (now known as the "off- screen model" or
OSM) is used to provide screen access (7). The first
commercial application of this "interception

approach" was outSPOKEN"' for the Apple
Macintosh (2).

Accessing objects through icon re: o ition
Perhaps the most troublesome problem for accessing
the graphical user interface is the form in which
information appears on the screen. Instead of using a
highly specialized command language, the GUI
represents information as objects or visual images that
are meant to emulate common experiences (e.g., the
user "drags" a picture of an unwanted file into the
"trash" to dispose it). The problem for conventional
screen reader technology is that it cannot interpret
these metaphors. In particular, it cannot make sense
of icons, style changes in text (for example, high-
lighting) and GUI structures such as pull down
menus, dialog boxes, and scroll bars.

Fortunately, it is not necessary for a blind person to
perceive the shape of icons to use them. All that the
blind person needs to know is the fact that the pointer
is over an icon. Interception -based software such as
outSPOKEN is designed to recognize these icons.
The software then "speaks" the text associated with
that icon (which can be defined by the user). Like-
wise, interception -based software recognizes and
tracks stylistic information about the text itself —the
name and size of the font, the presence of formatting
styles such as boldface or underiining, whether the
text is highlighted, and so forth. The software also
recognizes  and tracks information about windows,
menus, dialog boxes, control buttons, and scroll bars.
Information such as type, status, size, location, and
content of these standard graphical structures is also
stored in the database.

A c  sling cursor mov ant thrau the kevDad
In the GUI, a mouse is moved in a particular direction
and a pointer moves in the corresponding direction on
screen. To select an object or command, the user
simply points to the object (using the mouse - controlled
pointer) and clicks the mouse button. This process
depends on eye -hand coordination and, therefore,
needs to be executed differently by a person who is
blind. outSPOKEN substitutes the manual functions of
the mouse with keystrokes on the numeric keypad.
With the numeric keypad, the blind user can perform
standard control functions of the mouse. This includes
reviewing the desktop, selecting commands from
menus , activating windows, moving the pointer on
the screen, selecting and moving objects, launching
applications, reviewing, writing, and editing text.

THE SECOND CONDITION FOR EQUAL
ACCESS: TECHNOLOGY SHARING

A technical solution to a technological problem, no
matter how serious and widespread the problem, and
no matter how elegant the solution, is not sufficient if
it does not spread throughout the industry through
universal and easy access by all developers and end -
users. As more GUI -based operating systems are
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developed and marketed, rapid diffusion becomes
increasingly imperative.

To provide this condition, a modular, cross- platform
development kit called GUI AccessTM is being
developed (5). This toolkit is designed for use by any
developer or end -user who seeks to explore new
access strategies and develop new software for people
who are  blind.

At the core of GUI Access is the technology
developed for outSPOKEN described above which
intercepts screen display calls and stores information
in a database for later retrieval. This Off - Screen Model
(OSM) includes the database and some machine
dependent routines. Machine dependent information
will be provided for Microsoft Windows and the
Macintosh. By design, the machine specific portion of
the module will be small enough that developers will
be able to port to other platforms with minimal effort.

Sample input and output drivers will be included with
GUI Access. These drivers are expected to have
significant implications for exploring new ways of
providing access to GUI -based systems. For example,
GUI Access technology is being used in a project
called Systems X (also known as Systems 3). The
prototype consists of a mouse -like "puck" with an
Optacon refreshable display mounted on the top, plus
a haptic, absolute- position graphics tablet. When the
hardware is connected to a Macintosh, it is used with
speech output and tactile output drivers to permit
access to graphic and combination text /graphic
information, such as bar graphs. The user is able to
explore the graph by moving the puck on the tablet
and feeang graphic information, Textual information
is spoken aloud as it is encountered.

CONCLUSION

Many blind people still harbor the illusion that their
decision to use or not use the GUI is somehow
optional and that they need not be concerned about it.
Staying with old access technologies may seem
comfortable because the systems to which they
provide access are still around. However, there is
virtually universal agreement that those systems will
not remain a standard for very long. Fortunately, as
new technical problems emerge and are solved, and as
new technologies are made available through
enlightened technology sharing, the resulting
computer access systems will provide persons who are
blind with capabilities that were inconceivable with
earlier systems (1, 9). As these realities sink in, the
remaining hindrances to unprecedented levels of
computer power for blind people, which are primarily
psychological and social, will be removed.
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ROBOTIC MANIPULATORS IN REHABILITATION PRACTICE
AN INTERNATIONAL SYMPOSIUM

FOREWORD

Robotic manipulators have been applied very
effectively in the industrial sector for decades
now. They are being used routinely in the
automotive industry to weld and paint cars and
have proven very useful in harsh environments
such as the nuclear or mining industries. But
imagine using a mechanical arm as an assistant to
individuals with disabilities. This hard,
intimidating machine now becomes a companion,
which will always be at your beckon call and will
under no circumstances harm you. This is a tall
order for any organization to achieve. In shifting
the focus of robotics from the industrial sector to
the service sector, the rules of safety, reliability,
accuracy, and aesthetics, to name a few, have
changed.

The idea of applying robotics to the service
sector has existed in theory for some time now;
however, only during the past ten years have
actual robotic systems begun to emerge as assists
to individuals with disabilities. A number of
organizations have demonstrated the feasibility of
using advanced technology to develop assistants in
the home and office. The following pages
represent the accomplishments in rehabilitation
robotics of 11 distinguished organizations from
around the world. As with any new technology, it
will take some time before robotic assistants will
be fully accepted; however, education is one key
to acceptance.

This International Symposium is a leap
forward in educating the end users and prescribers
in available rehabilitation robotics technology. The
systems described in the following pages have
been and are currently being field tested and many
of the systems are commercially available. I hope
you will concur that this International Symposium
was an effective tool in keeping you, the end user
and prescriber, abreast of current technological
advances in rehabilitation robotics.

I would like to express my appreciation to
Geb Verburg from the Hugh MacMillan
Rehabilitation Centre in Toronto for organizing
this International Symposium. I would also like to
thank all the presenters for their willingness to
participate and for their prompt reply in
submitting papers for inclusion in the proceedings.

Michael F. Burrow
Chairman, Robotics Special Interest Group

This symposium was organized to show
rehabilitation professionals and potential users 1
consumers of this technology the most up -to -date
examples of rehabilitation robotics and to share
what these commercially available systems can do
in real life situations.

Presenters from six countries, will share
research results and information about seven
robotic manipulator systems and applications of
these systems in Independent Living and
Vocational environments. The three sessions of
this symposium each address a specific topic area
within this general plan. Opportunities for Hands -
On experiences will be available in the Thursday
sessions.

Wednesday afternoon: User Interfaces
This session presents: an overview of European
R &D projects toward an integral control system
(van Woerden); Robotic User Interface (RUI)
research efforts taking place at Stanford University
(Leifer); user interface adaptations of MANUS
(Kwee); and a new palatial interface developed by
InventAid (Hennequin).

Thursday am: Independent Living
Three very different types of manipulators and
evaluations of each of these are presented in this
session: HANDY I, a Robotic Feeding Aid
(Whittaker); REGENESIS, a workstation robotic
assistive device developed by the Neil Squire
Foundation (Birch and Fengler); and MANUS, a
wheelchair mounted manipulator (Oderude,
BrelivetlThibault, Verburg et al.).

Thursday om: Vocational Applications
Four presentations about three different manipulator
types will share results of workplace applications:
DEVAR, the system developed at the Veteran's
Administration facilities in Palo Alto (Vander Loos,
Leifer); the MASTER system developed by staff of
the French Atomic Energy Commission (Ddtrichd
and Lesigne); UMURTX, an industrial system that
has been adapted to the rehabilitation environment
(Jackson et al., van Dort).

Geb Verb
Symp um hair

Organization of this symposium was facilitated by
grants from the National Health Research and
Development Program (NHRDP H &W Canada) and
the Rick Hansen Man in Motion Legacy Fund.
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INTEGRATED CONTROL OF MOBILITY, MANIPULATION, COMMUNICATION AND THE
ENVIRONMENT

J.A. van Woerden, J.C. Rosier
Institute of Applied Physics

The Netherlands

Abstract

Integrated Control Systems allow disabled and
elderly people access to multiple functions from a
single input device (for example a joystick with a
switch). Multiply handicapped users are thereby
able to switch efficiently between wheelchair
control, manipulator control, control of their
environment, computer access and communication
without help.

This integrated system approach is part of two
projects in the so -called European Community
Programmes: one in the TIDE (Technology
Initiative for Disabled and Elderly People)
programme and one in SPRINT (Innovation and
Technology transfer).

The TIDE M3S project (Multiple- Master Multiple -
Slave) aims to become a general purpose interface
for the Rehab world, while in the SPRINT project
SP53 IMMEDIATE (Integrated System for
Mobility and Manipulation for Disabled people)
more emphasis is given to integrated control
aspects.

Introduction

Many technical aids are available for the purpose
of increasing the independence of severely
physically disabled people. An increased
independence (autonomy) of this group would
have a positive effect on nearly every aspect of
the lives of the disabled persons, e.g. on his or her
personal activities and on vocational activities. For
this purpose, top rate technology is employed to
an ever increasing extent. Such technical aids are,
for example, electrically driven wheelchairs, robot
arms, remote control equipment etc. This large
range of technical aids can be classified into five
categories, namely technical aids for:

• mobility
• manipulation
• environmental control

communication
• computer access

A wide range of companies and institutes develop

these technical aids which offer the disabled the
opportunity of functioning in a more independent
manner with regard to these categories. However,
until now the technical aids were developed in an
uncoordinated way, resulting in a number of
products not compatible with each other. In order
to form a set of functions necessary for the
independence, the disabled person is forced to buy
a number of products each with its own user
interface and possibly overlapping functionality.

The innovation of these EEC projects consists in
the integral approach and the global analysis of
systems. The projects will emerge on different
compatible subsystems, which can be arranged in
conjunction with the design applications.

M3S project synopsis

In the field of technology for the elderly and
disabled people one can make a division between
input devices and end - effectors. Examples of input
devices are joysticks, switches, voice control, etc.
Electrical wheelchairs, manipulators, environ-
mental controllers could be considered as end -
effectors. In aids for the elderly and disabled
people one of both types of devices is
incorporated. The input devices in fact determine
for which kind of user group the aids are suitable.
As in many aids one input device is integrated in
the system, these systems can only be used by a
limited user group. The M3S Multiple- Master-
Multiple -Slave intelligent interface is meant to
solve this problem.

In the M3S system different types of input devices
can interface to different types of end- effectors.
As this interface will be well specified,
manufacturers of input and end - effector devices
can adapt their devices to meet these
specifications which ensures compatibility in the
field.
The intelligence in the system is added to allow
the interface to be optimally configured to the user
needs. The intelligence in the system comprises of

two parts:
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high level task execution
signal processing functions

To perform the high level task the interface will
be equipped to generate a sequence of output
signals starting by a simple command of the user.
This will enable the user to perform complicated
tasks with little burden. The signal processing
function ensures that the interface can be
optimally configured to the needs of the user.
The Multiple- Master - Multiple -Slave concept has
the advantage over many structures now used in
the field that information can be send back to the
user e.g. on the system status. The M3S
architecture also facilitates the connection of
different user interfaces to the network on
different places in the system. In this way disabled
and non - disabled people can have access to
different parts of the system such as a television
or a VHS.

After the functional specification of the interface
and the analysis of the devices that will be
interfaced by the M3S system, existing bus
standards (draft ISO 7176, CAN, D2B, etc.) will
be evaluated for their use as M3S bus. Based on
these analysis the M3S interface, including the
M3S bus, will be specified. As the M3S
specification deals with the interfacing of most
commonly used input devices and end - effectors it
can be used for future standardisation. Extending
the use of the interface and formalizing it in a
standard could be a TIDE main phase project.
The interface will be implemented in two
demonstration platforms:

1. A system with a PERMOBIL wheelchair, a
MANUS manipulator, a JAMES -like
environmental control system, which can
be controlled by a. Penny and Giles
joystick and a headrest sensor, a head
pointing device and a tongue switch.

2. A system with a SKWIRREL wheelchair
of Huka, a MANUS manipulator, a
JAMES -like environmental control system,
which can be controlled by a Penny and
Giles joystick and a headrest sensor, a
head pointing device and a tongue switch.

The interface implemented on these platform
won't have the total functionality as specified for
the M3S interface but only the subset that is
needed to control the end - effectors with the input
devices connected. The two demonstration
platforms will be tested on technical performance

and safety and evaluated on functionality in a
limited number of user trials.

The major deliverable of the M3S project will be
a thoroughly prepared M3S interface specification,
demonstrated and evaluated in two platforms,
starting point for future standardisation.

Immediate Project synopsis

This project aims at the development of integral
systems to assist disabled persons in their
manipulation, communication and mobility. It  is
constituted by an electric wheelchair including
assistance for driving, a built -in manipulator arm
and an on -board environmental control system as
well as assistive communication devices.
The electric wheelchair will most probable have
semi - automatic functions such as the possibility to
follow marks on the floor and/or localization of its
position in a near natural environment. The
manipulator and the wheelchair will be piloted in
direct or automatic modes under the permanent
supervision of the disabled user. The manipulator
will allow the performance of automatic handling
and grasping tasks of daily life.

The environmental control system will be
controlled either by the user or directly by the
system during the task. The operator interface will
be configurable and adaptable in conjunction with
the nature of the handicap.

The technologies concerned belong, on one hand,
to the service robotics for definition of the
mechanical structure of the arm and corresponding
control command systems, for setting the sensors
involved in safety, guiding and retrieving
trajectories for the arm and the mobile base, and
or the operator interfaces; and on the other hand,
to commercially available technical aids for people
with disabilities such as the electric wheelchair
and environmental control systems.

At the laboratory level, some robotized systems
for helping the persons are actually in process.
They concern, either fixed workstations, or
manipulators on electric wheelchairs. Other
developments deal with assistance for piloting the
electric wheelchair (following marks on the floor,
piloting with ultrasonic transducer), for defining
adapted programming language, for determining
specific sensors to assist manipulation functions
(grasping, handling, perception of space, etc).

The technologies to be set up are new, but do
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already exist. We need to gather the competencies
between the different teams working on the
mechanical aspects, the control command, etc and
to transfer these technologies to the specific
application regarding the handicapped persons.

The next step is to integrate these technical aids to
form an integral aid which offers disabled people
optimal opportunities in these four areas, so that
they can function as independently as possible..
One must think in terms of an integral system for
mobility and manipulation which comprises all the
available technologies to enable the disabled
person to communicate with, control and mani-
pulate a structured - and - unstructured environment.

The integral system must be set up in such a way
that it can be simply and independently controlled
by the disabled person, great attention being paid
to ease and speed of use.

To bring this project to a successful issue, three
groups were organized to work in close
cooperation, in the definition phase:

a user group gathering important disabled
associations in the Netherlands (VSN,
STICHTING DE SCHAKEL), in France
(APF, AFM/ CREATI) helped by two
experts in the rehabilitation process (Dr.
Busnel, Medical director of KERKPAPE
centre (France) and Dr. Platts of the
ROYAL NATIONAL ORTHOPAEDIC
HOSPITAL (United Kingdom).

A group of industrials dealing with these
problems (POIRIER in France and EXACT
DYNAMICS in the Netherlands).

Two main contractors responsible for the
research and developments
(CEA/DTA/UNITE ROBOTIQUE in
France and TNO- TPD /IRV in the
Netherlands).

Integrated Control of Manipulation, Mobility
and Control of the Environment

The execution of  a task by a "healthy" person
often depends on a combination of many different
movements, using different parts of the body. A
task can thus be carried out quickly and
efficiently. Furthermore, many tasks are carried
out without conscious thought with regard to the
bodily movements.

In the case of a disabled person who cannot carry
out the tasks with his body but must rather rely on
all sorts of technical aids, such unconscious
execution is (virtually) impossible. Often a variety
of technical aids and equipment must be operated,
all of which must be consciously controlled one at
a time.

A technical aid can offer great help to a disabled
person but can also encumber him/her with an
extra handicap if it is too complicated, unclear or
slow to use. In assessment studies of technical
aids, it becomes apparent that this is often the
case, the result being that the technical aid is used
less often or sometimes not at all. The integral
system will comprise many different technical aids
and systems. One of the most important points of
attention is integration of all systems employed.
This is a pre- requisite for simple and optimal use
of an integral system.

Mobility

The integral system includes a system with which
the user can drive and manoeuvre in the
environment. Careful attention must be paid to the
manoeuvrability of the integrated system with
respect to its use indoors. Existing wheelchairs
sometimes leave a lot to be desired in this sense,
so that the wheelchair can only actually be
effectively used out of doors. As manoeuvring
cannot always be carried out accurately, objects in
the users' environment are damaged, sharp edges
and protruding parts of the wheelchair often
posing an extra problem in the environment.
Navigational systems could bring about
considerable improvements here.

One can think in terms of systems which, for
example, use sensors to prevent collisions between
the technical aid and objects in the environment,
by detecting a threatened collision and redirecting
the technical aid. In the same way, a navigational
system could also "steer" the technical aid through
a narrow opening, such as a doorway.

In a structured environment, such as the user's
home, this navigational system could be extended
by applying systems which, for example, can
follow pre- programmed routes without the user
needing to steer the technical aid. Another option
could be a system in which tracks are built into
the structured environment, so that the technical
aid can be "led ".
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Communication

The integral system must include the functionality
of technical aids that enables the handicapped to
communicate. Examples of such aids are speech
generators, writing aids, adapted keyboard
operations and also adapted telephones.

Manipulation

The manipulating system will be an important
constituent of the integrated system. Many tasks
can be carried out by means of a manipulating
system which would otherwise be (virtually)
impossible for a severely disabled person Not
only with respect to GDN activities but also
certainly with respect to working and recreational
tasks. The manipulating system can thus
considerably increase the independence and
opportunities of the disabled person.

There are already a number of different
manipulators available for the benefit of disabled
people, though they do not yet enjoy large scale
use. Research into their use has shown that a
manipulator can considerably increase the
independence of the disabled person. Such
increased independence is greatly appreciated. A
manipulator enables the disabled to develop a
number of functions that can be divided into three
groups:

vital functions: a manipulator enables the
handicapped person to perform (to some extend)
activities such as eating and drinking. Safety
measures in case the safety malfunctions, should
also be considered as one of the vital functions.

vocational functions: the manipulator enables the
handicapped to perform a (professional) task

auxiliary functions: the manipulator enables the
handicapped to perform trivial tasks such as
inserting a tape in the tape recorder, picking up
something from the floor, reaching door handles
and light switches in unadapted environments, etc.

A number of aspects are mentioned which could
be improved and which can therefore be seen as
points of attention in the development of the
integral system.

Firstly, the performance of the robot arm is
sometimes found to be limited, particularly its
reach and power. On the one hand, heavy objects
cannot be picked up (more than 1.5 kg) but on the

other, the power with which keys are pressed is
difficult to control, so that they are easily
damaged. The controls are sometimes awkward,
especially where this is done by buttons, this
means that procedures cannot be carried out in a
smooth manner.

Procedures are carried out too slowly, so that use
of the manipulator is fruitless, e.g. typing on a
normal typewriter or keyboard which has not been
adapted. The number of words per minute is so
low that such activities are not carried out.
Another example is picking up the telephone. The
connection has been lost before the user has got
around to picking up the phone with the
manipulator.

The speed and ease of use can be improved if
procedures which are frequently carried out can be
individually initiated by the technical aid in some
way or another, rather than the user having to
constantly steer the aid. A well known solution is
to pre- program certain procedures. In an optimally
integrated system, not only can the procedures of
a single system be pre- programmed, but also
procedures which are combinations of the various
sub - systems of the integral system. In this
perspective would the development of docking
systems enable the ease of preprogrammed
movements related to the structured environment
to a great extend.

Control of the Environment

The integral system must include all sorts of
systems in order to control the environment. These
include remote controls, adapted communicative
aids, such as a speech generator, writing aids,
adapted computer keyboard operation, etc. These
environment control systems will therefore control
a large number of different pieces of equipment
and aids.

Many pieces of equipment and technical aids have
their own control panel which can be used to
control a single device. If a second device must
then be operated, the user must switch to a new
control panel. This means that many procedures
are necessary, which all require concentration
(driving, poss. manipulation, operating equipment,
driving again, switching, operating, etc.)
The ease and speed with which tasks can be
carried out can be greatly increased if the various
technical aids can all be controlled simultaneously
via a single control panel. The user need then
only concentrate on carrying out the task rather
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than having to control all the technical aids.

Control

Control of the integral system must therefore be
possible via a single control panel (interface). The
controls would appear also to create great
problems in a number of consumer articles, such
as video recorders, stereo equipment and other
equipment with many set -up and user options. The
users therefore make use of a part of the options,
because they do not understand the rest, the
controls are not clearly organised, etc.

Via the control panel of the integral system, not
only one but many more and also completely
different systems can be controlled. This makes
great demands on the informational ergonomic
characteristics of the control panel.

Conclusion

First steps .are made to the realisation of
wheelchair mounted integrated control systems.
The relevance of the integration and
implementation aspects will be, among others,
tested in the two projects although in a limited
way. Safety issues, standardization, acceptance
and dissemination have to be addressed in future
projects in more detail.

Author's Address
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ABS TRACT

Sho rtc omings  at  the Ro b o t Us er Interfac e (RUI) are majo r
tec hn ic al d e te rre nt s  to  wid e s p rea d  us e o f te le ro b o t s  in
he a lt h a n d  h u ma n s e r vic e . T he b as is  fo r this  as s ert io n
c o m e s la r g e l y f r o m e x p e r ie n c e in v o c a t io n a l
rehab ilitat io n and  ed uc atio n [I] .  T ext,  vo ic e,  grap hic  and
kinematic s  c o mmand  - c o ntro l interfaces  are c umb ers o me
at  b e s t  f o r  ro b o t  p r o g r a mmin g . Mas ter  -s la ve (virtual
re a lit y ) in te r fa c e s r e ma in imm a t u r e a n d a r e ra r e ly
ap p r o p r ia t e  wh e r e  p h y s ic a l  a n d  c o g n it iv e  l imit a t io n s
mo t iva t e  th e  p u r s u it  o f r o b o t ic  as s is t a n c e in  t h e  fir s t
place.

Bec aus e mo s t p eo p le want to  us e ro b o ts ,  no t p ro gram o r
o p e ra te  th em[2 1,  ap p lic at io n  d ev elo p men t b e c o mes  t he
d o mina te p a rt  o f the  o ver all  c o s t  an d  s up p o r t  e q ua tio n.
To d ay,  ro b o t p ro gramming req uires  mo tio n s p ec ific atio n,
p lan n in g  a n d  ta s k s up e rv is io n  s k ills  t ha t  t a ke  y e ar s  t o
d e v e lo p . S e v e r a l fac t o rs s h o u ld b e a d d r e s s e d
s imulta ne o u s ly  t o  c h an ge th is  s it uat io n [3 ]. T he is s ues
ar e  i l lu s t r a t e d  b y  t h e  wo r k  o f  S t a n f o r d  in v e s t ig a t o r s
wo r k in g o n vis ua l la n g u a g e c o mmu n ic a t io n , ro b o t
lea rn in g,  a d a p tive  g ra s p ,  s p atial  r ef er en c e d e s ign at io n,
hyb rid  fo r c e  -  p o s it io n s e rv o  c o n tr o l an d  fau lt  t o le ra nt
s ys tem arc hite c ture.

G O AL

T he go al o f this  p ap er is  threefo ld . Firs t ,  I  wo uld  like to
s ug ges t  t hat  th e R o b o t Us er  In ter fac e ( RUI ) h as  uniq ue
fe at u re s t h a t s et it a p a r t fr o m the ge n e r a l ar e a of
Gr a p h ic a l Us e r  I n t e rf a c e  ( G UI)  d e s ig n . S ec o nd , the
d e s ig n r e q uir e me nt s  f o r  t h is  in t er f a c e a r e  o u t l ine d  in
r e la t io n s h ip to ma n ip u la t io n tas ks p e r f o r me d fo r
vo c atio nal as s is tanc e. Las t ly,  I  wo uld  l ike  to  int ro d uc e
the reader to  sp ec ific RUI p rojec ts  at  the Stanfo rd Center
fo r Des ign Res earc h (CDR).

BAC K G R O UND

This p rojec t b uild s o n 14 years  o f ass is tive ro bo t res earc h
and  d ev elo p me nt at  S ta nfo rd  Univer s it y [ 4]. One  r es u lt
o f  th e  wo r k is  De v ar T ' " ,  a h igh  p e r f o r ma nc e  De s kt o p
Vo c atio n al As s is tant  Ro b o t no w und ergo ing c linic al and
field  t r ia ls  w it h in  th e  De p a rt men t  o f  Ve te r an s  Af fa irs .
One o f the imp o rtant les s o ns  fro m this  wo rk has  b een the
realizatio n that  tas k p ro gramming is  a s erio us  b o tt lenec k.
It  is  als o  c lear that med ic al and  rehab ilitat io n app lic atio ns
rep res ent g o o d  o p p o rtu nit ies  fo r ro b o tic s  te c hno lo gy in
mo d erately struc tured  situatio ns _

Who  are the us ers

I t  is  s t r i k in g  h o w m a n y  p e o p le "us e" th e  r o b o t  a n d
influenc e the p ro d uct d efinit io n (F igure -1).  T he imp aired
us er is  jus t  o ne o f thes e us ers . Wh ile au to mat io n ta s k s
augment his  o r her p erfo rmanc e,  the w a y they are d one is
o f te n d ic ta te d  b y t he ra p is ts ,  a d min is t ra to r s  o r  o t he rs .
One o f th e p ro d uc t realiz atio n le s s o ns  le arned  in  ano ther
rec ent p ro d uc t d evelo p ment p ro c es s [5] was  the extent to

whic h an as sis t ive d evice mus t als o s up p ort  therap y.  It  is
imp o rt a nt  t o  inc lu d e  p r o d uc t  f ea tu r es  t ha t  h elp  c ar e -
p ro vid e rs  me as ur e c o s t ,  b en ef it  an d  q u alit y a s s ur an c e
variables .

manipulation
requirements therapy

requirements

the
Robot User

Interface
must work for

the client,
therapist &

cost - benefit &
quality assurance
requirements

F igure-1 An  R UI  fe a t u r e  s e t  mu s t  b e n e fit  e a c h
me mb e r  o f  t h e  c a r e  d e liv e r y  t e a m. Vis ua l la n g ua g e
c o mmu n ic a t io n  f e a t u r e s  ma y  e m p o we r  t h e  imp a ir e d
us er. T raining and  c alib ratio n  mo d ules  s up p o rt  t herap y
and  auto mated  p erf o rmanc e as s es s men t rep o rts  enhanc e
t h e th e r a p is t ' s p r o d u c t iv it y . T h e h e a lt h c a re
ad min is t r a t o r  b e n e f it s mo s t fr o m q u a li t y as s ur anc e
features .

What differentiates  an RUI fro m a GUI

Us er Interfac e Des ign is d riven b y s everal c o nsid erations .
F iv e  im p o r t a n t fac to rs for th is d is c u s s io n inc lud e:
direc tnes s  o f manip ulatio n; us e o f analo gy and  metap ho r;
u n d e r s t a n d in g th e us e r ' s c o g n it iv e mo d e l of the
c o m p u t a t io n a l p ro c es s ; r e p r e s e n t in g time ; a n d
rep res en tin g s p a c e.  W hile imp o rt an t f o r  b o th GUI a nd
RUI d e s ig n , th ey ar e d if f er e n t (T ab le -1). In o u r
ex p e rien c e , thr ee of the s e fac to rs d o min a t e . Mo s t
imp o rt an tly,  t he  r o b o t  is  a tr ue  6  d eg re e -o f-  f re ed o m
(DOF) s ys tem. P lanning,  c o d ing and  s up ervis ing o f s uc h
s ys tems  is  es p ec ially d e mand ing (rather like o p e rating a
sp ac ec raft) .  F urthermo re,  the ro b ot is  a d ynamic p hysic al
sys tem with real as  well as  c o mp utatio nal t ime c o ns tants .
It  is  c a p a b le  o f  d o in g  r e a l  wo r k  ( in c lu d in g  d a ma g e )
witho ut rec o urs e to  p o s t  -fac to  "und o "  c o rrec tio ns . T he
sheer reality o f an RUI d ominates  d esign trade -o ffs .

Tas k relevanc e o f RUI d es ign req uirements

T he  S t anf o r d  - VA De var  p r o jec t  ha s  imp lemen ted  we ll
o ver o ne hu nd red  ro b o t ic  as s is tan c e tas ks  o v er the p as t
12 y ear s  [ 6]. T h ey  f a ll  r o u g hly in t o  th re e  c at eg o ries :
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activities of daily living (ADL), vocational tasks and
social recreational pursuits. Even the  most structured
desktop workstation environment requires  tasks from
each domain. Table -2 presents a qualitative indication of
our assessment of the importance of RUI design
requirements according to the task domain. Note that
ADL tasks are among the most demanding scenarios.
Vocational tasks are among the  least demanding, and
their cost benefit  cab be measured. Accordingly, the
majority of our effort goes to educational and vocational
applications.

Gen:gn c
GUI RUI

Use terface Graphical User Robot User
Desi Interface Interface
Re ements Re uirements Requirements

create symbols create symbols
that evoke usable that are con sistent
analogies and with manif est

q A n a l o g y

meta hors reality

visualize abstract visualize real
representations robot motion
for data & data consistent with the
processing user's own
algorithms kinesthetic models

Direct create the illusion directly
Manipulation that a symbol manipulate

directly physical objects
manipulates safely & reliably
reality (remember, there

is no post -facto
undue

Time create the illusion make the interface
of time work in real -time

Space 2 DoF, fixed point 6 DoF, variable
of view (eye to point of view (end -
screen effector to object

Table -1 A requirement matrix summarizes RUI -
GUI design differences. Whereas the GUI designer tries
to create the illusion of reality, the RUI designer must
make reality accessible.

SYSTEM REQUIREMENTS

The conditions for effective use of robots in unstructured
(or even moderately structured) environments are at least
four fold [7]. The technical system must include one or
more sensory modalities. The control architecture must
support adaptive sensor driven motion control. There
must be utilities  for task and motion programming. A
fourth, and rather subtle requirement is that these factors
must deal with ambiguity. The collective importance of
these requirements must be  judged by the degree  to
which it is  accessible  to a  wide range of operators ,
placing an additional burden on the RUI.

Robot programming languages  (RPLs) have a lways
presented the applications engineer with a deep
dilemma. How does one use rigid RPL semantics and
syntax to specify robot motion in an uncerta in
environment? Many investigators can testify that sensing
the environment is just the beginning of adaptive control.
In fact, sensor interpretation and multi- sensor fusion
contribute massively to the RUI programming burden.
Fault tolerance is often the first casualty of
environmental sens ing when sensor fa ilure leads to
undesirable robot motion.

TASKS

ADL

Food Preparation

Food & Drink Service

Hygiene & Grooming

Clothing Management

VOCATIONAL

Material Handling

Computer Programming

Test and Measurement
Desktop Publishing

RECREATIONAL

Reading Hardcopy

Film & Video Access

Graphic Arts Activity

Board Games

DESIGN REQUIREMENTS

Metaphor

atiat

Table-2 RUI features should reflect the task at
hand. No single interface paradigm can accommodate all
of these scenarios. In our experience, the mouth stick and
the robot complement each other as manipulation tools.
Voice  command, the  pointer and the  keyboard are
similarly complementary.

RUI RESEARCH PROJECTS at STANFORD

Figure -1 illustrates the strategic relationship amongst
RUI research and development projects at CDR. The
following narrative describes each issue briefly. Special
attention should be given to visual language
communication issues  concerning RUI display des ign
and in recognition that the robot is also part of the visual
communication medium.

Visual Language Programming:

In a separate l ine of human - computer integration
research, Richard Steele and collaborators [8,91 developed
a visual language prosthesis, C -VIC, that has been proven
to be  capable  of a llowing globally aphas ic persons
(complete loss  of natural language) to communicate
better through the  computer than they can through
"natural" language. Experience with LingraphicaTM, the
commercial version of C -VIC, leads me to speculate that
the communicative power o f this  GUI pro mises  a
substantial performance breakthrough in RUI design.
Implementation of a test -bed system uses robot behavior
specification icons  with "readily inferable  meaning"
(RIM- icons). The linguistic notion of "readily inferable
meaning" has a parallel in graphic representation (as in
cartoons). This  is  a  key feature  of the  lingraphic
approach to robot programming. Figure-2 presents a few
of the 2000+ iconic communication building blocks in
LingraphicaTM.
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Robot
User

Interface

Robot ?. 0!M. Body
Language . Language
Learning Programming

Steele:
Visual
Language
Communication

Cannon: Cutkosky &
Point & Direct Sensory Kovacs:
Telerobotics t3arrtsv Micro- sensor

Dexterous

Kerr:
Hybrid
Force - Position
Servo Control

Fault Tolera
Architecture

Robot
World

Figure-1 This is the road-map to research at CDR
dealing with RUI issues. The barriers (octagons) are the
natural language command-control interface, the robot
sens ing interface and the fault  tolerant architecture .
Individual research projects address the critical path to
these is sues (Steele, Kerr, Toye) or collateral factors
( Liang, Lees, Cannon, Cutkosky-Kovacs).

� ...,IN

Figure -2 These icons include an animated verb to
"turn", the  prepos ition "against" , the adjective "small"
and the  noun " book" . When clicked, they reveal their
meaning through graphic animation, spoken word, text
and sound effects. A complete message is composed in
storyboard fashion, " turn against the small book ".

Robot Body Language Programming

Building in part on Steele's work, David Lees [10] is
developing a text-free robot programming environment
Key features of the environment include: a storyboavd
programming metaphor; graphic  representations with
readily inferable  meaning; compos ition primitives ;
motion primitives; orienta tion primitives ; grasp
primitives, and environmental mapping. Whereas visual
language programming uses  a  linguistic framework,
body language programming uses a kinesthetic analogy.
Motions  are  repres ented  by animatio n with mime
qualities. Gesture replaces words.

Robot Learning of Natural Languaeg:

From our earliest work with voice recognition, it has been
clear that the RUI should be as naturalistic as possible.
After a  disappointing adventure  in c lassical natural
language pars ing, Liang [11] demons tra ted robot
learning of natural robot language commands. Their
approach uses an axiomatic language model to learn by
example and avoids the general requirement for prior
unders tanding of syntax a nd semantics . Learning
behavior was  successfully demonstrated for English,
German and Chinese instructions to assemble a simple
bracket in Robot World, a multi-robot assembly system.

Dexterous Graso Automation:

Many investigators  have worked on grasp mechanics
[11,12]. All conclude that sensory information from the
point of contact with a grasped object is critical for both
grasp assurance and dexterity. Cutkosky and Howe
developed specialized slip sensors modeled after known
properties of human tactile responses. Now, Cutkosky,
Howe and Kovacs [13] are  developing a micro-shear-
sensor compatible with soft finger materials. However, it
will be  several years  before robust, commercially
supported, grasp automation will be available.

Point and Direct Telerobotics:

After several years in our clinical laboratory, David J.
Cannon [14,15] decided to find a better way to designate
way - points. They are the spatial coordinates required for
task programming. This is an especially important issue
with mobile assistive robots. One result of his work is a
practical, moderately low cost, 3-D "mouse" that allows
the user to specify the coordinates of a point, or virtual
point, in the  working environment (not jus t on the
display screen). The approach supports "put that there"
and "go around here" syntax commands.

Hybrid Force - Position Control:

Jeff Kerr [16] has made an especially useful contribution
to a critical adaptive robot technology. His commercially
available Zebra -ZERO manipulator is force and position
controlled. Long the subject of laboratory research, this is
perhaps the first human scale arm readily programmed
to move in a desired direction with a specified force.
This  feature  a llows  the  programmer to imbed tes t
conditions in the task code. Tests assure that operations
continue as  planned . If not, the robot explores  the
environment tactually and goes  on if poss ible . An
example from our work deals with diskette insertion and
retrieval. A tes t  case  showed that force- position
programming takes longer than position only control but
that the tasks themselves are more robust.

Non Homogeneous Fault Tolerance:

After safety, no single factor has been more important in
our clinical field trials than reliability. Not surprisingly,
safety and reliability are strongly dependent on the same
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underlying technical issues. To date, most safety and
reliability considerations have been passive. We are
careful to build things  with large safe ty factors. It is
appropria te  and timely to move forward with active
safety and fault - tolerant control. George Toye [171
demons tra ted a non - homogenous fault - tolerant
architecture and operating system that could maintain
normal operation of a prototype wheelchair in the face of
sensor and actuator degradation and fa ilure . The
approach is compatible with manipulator requirements.

DISCUSSION

The robot - user - interface presents many challenges. We
may build upon advances in graphical -user- interface
design but must go beyond them to explicitly address to
the  physical realities of robot teleoperation. I have
described several l ines  of RUI investigation in our
laboratory. Three should deserve your special interest:
visual language programming; hybrid- force - position
control; and fault - tolerance.

Cost - benefit evidence supports the value of assistive
robot technology [181. Now, the situation is  one of
continuing development and refinement based on user -
centered design principles.
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CONFIGURING THE MANS SYSTEM
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Abstract

A review is given of the way in which the MANUS
telethesis may be programmed to obtain a "configuration"
adapted to a particular user. Configurations usually consist
of different "modes ", successively selected to gain control of
various movements. Modes are programmed in the form of
"patchboards ", created on a PC with a "Patchboard Editor"
out of "functions" from a library. A "Configuration Editor"
permits one to create  a configuration out of a  se t of
patchboards. Once compiled, a configuration is down-
loaded into MANUS to define its human interface
characteristics.

Introduction

The MANUS telethesis was designed to be adaptable to
users with different types of remaining control functions.
Therefore, it must be possible to configure the MANUS
system to be controlled by different types of input devices
(controls) and adapt the control procedures accordingly.
Furthermore, it should also be possible to adapt the system
to individual user needs and evolve with him if necessary.
For historical reasons, the first group of users for which
configurations were developed consisted of persons with
muscular diseases, still having limited forger movements
available to manipulate controls.

To make this possible, the MANUS system was equipped
with two microprocessors, one to take care of basic servo
control functions, coordinate transforms, etc., and the other
one with software to program the user control procedures.
Since the MANUS telethesis was designed to be attached
to the wheelchair, it has to operate primarily in an
unstructured human environment, and most effort has been
put into control procedures of direct interactive control of
gripper movements by the user. In addition some limited
"teach by doing' programming of points in space and of
movement patterns will be added ultimately.

In this paper the present state of programming user
configurations will be discussed. Only some of the
characteristics of the interactive control of movements can
be programmed today, corresponding both with pro-
gramming of the transfer functions between user control
inputs to gripper movements in space and with
programming of the way different modes or menu pages
are selected.

The objective is to make programming accessible to
persons concerned with the functional rehabilitation of the
user rather than to robotics and computer specialists.
Therefore, it was decided to provide high -level instructions
in terms of movements, rather than more versatile low -
level ones more appealing to technically inclined people.
For the  la tter group another set may have to be made
available.

General organization.

The firmware resident in the controller consists of a
Program capable of executing instructions given in the
form of OPCODES, optimized for the interactive control
of movements. A configuration can be downloaded into
memory to define the transfer functions in the form of
strings of opcodes. In order facilitate the creation of the
downloadable file, a number of tools have been developed
in the form of editors running on IBM- compatible
computers.

To facilitate the definition of a configuration, different
functional levels are defined:
• A configuration describes the complete set of

controllable movements accessible to the user with the
corresponding controls as input devices.

• A configuration consists of different control modes,
corresponding with pages of a menu. A mode defines
the transfer functions and /or the instructions accessi-
ble with the different user controls.

• A mode is programmed in the form of one or more
patchboards. At this time a mode is described by
three patchboards: a pre- patchboard, a mode
patchboard, and a post- patchboard. Pre - and post -
patchboards are the same for all modes, the mode -
patchboard is particular for the corresponding mode.

• Patchboards consist of chains of functions, either
linking input variables to output variables in more or
less complex ways or defining actions to take place un-
der certain conditions (e.g, to change mode or to move
in a pre - programmed way).

• Functions finally, consist of a string of one or more
opcodes, which can be executed by the controller.

To the programmer of user configurations opcodes are not
made accessible and functions are the lowest elements he
can use.

Functions

Functions are made available in the form of a library and
more functions are still being added to it. Functions may
have one or more parameters associated with them. Dif-
ferent types of parameters may be distinguished:
• constants,
• variables, identified by a name to be given to them,
• patchboard names.
Different groups of functions exist at present:

Initialization functions activate a control procedure in the
servo controller, thereby defining the coordinate frame in
which movements are specified from then on (joints,
cartesian, gripper referenced) or special procedures to be
carried out (folding the arm out or in, calibration and
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tuning procedures). Some typical initialization functions

are:
• init -joint
• init- cartesian
• init- grip -cart
• init- fold -out
• init- fold -in
• init -abs -zero
None of these functions has a parameter associated with it.
Using an initialization function also introduces the names
of the output variables (in a "memory map") that are made
accessible to subsequent functions. This makes patchboard
descriptions (see further) more readable and avoids errors
of asking for the wrong output variables. For example, the
output variables controllable after init- cartesian are
velocities in cartesian coordinates:
• a0- speed: column up /down;
• x- speed: gripper towards and away from the user;
• y- speed: gripper right and left as seen by the user;
• z- speed: gripper up and down;
• yaw - speed: gripper rotation about a vertical axis;
• pitch - speed: gripper up /down about a horizontal axis;
• roll- speed: gripper rotation about its longitudinal axis;
• gripper: gripper opening and dosing.

Key interpretation functions select the way in which key -
strikes on a matrix keyboard (or switch activations) will be
taken into account in subsequent functions. The correspon-
ding functions are:
• key-while-down (as long as the key is being pressed)
• key-.while-up (as long as the key is not pressed)
• key-going-down (the transition of pressing the key

down)
• key:going-up (the transition of releasing the key)
The latter two only result in one short activation (one
sampling period of 40 ms).

Key action functions read out the keyboard (or switch)
inputs or use a key activation, interpreted following one of
the four functions listed above, to control a movement out-
put into one or more directions. Some typical functions are:
• 1- key -ctrl (keyl,speed,output)
• 1- key -ctrl -add (keyl,speed,output)
• 2-key -ctrl (keyl,key2,speed,output)
• 2- key - ctrl -add (keyl,key2,speed,output)
• 8-key -gain -set (meml,menD speed)
• 8- key -ctrl ( meml, mem2 ,outputl,output2,keyl,...,key8)
• key- new- patchb (keyl,patchboard name)
The function 2- key -ctrl sets the output variable to "seed"
value in the positive direction when keyl is "activated (see
"key interpretation functions "), to "speed" value in the
opposite direction when key2 is activated, or zero in other
cases. If one wishes to add the effect of these keys to a
previously defined value for the output, then the function
2- key -ctrl -add must be used. Similar functions exist for
control with one key or with 8 keys, arranged in a
relocatable square to simulate a joystick -like control.
Key- new- patchb selects a new patchboard when the key
condition is satisfied. Whereas for the first ones the
condition will usually be defined by key-.while-down, in the
latter case key:going -up usually is more convenient in order
to make sure that the next patchboard is entered with the
key released.

Proportional movement control functions to use a
proportional control input device like a joystick to control
gripper movements in velocity or position control modes:
• prop - speed -ini (input channel,meml)
• prop- speed -etr (inputchannel,meml ,dead- zone,,gain,

output)
• prop -speed -add (input channel,meml ,dead- zone,gain,

output)
• prop- pos -ctr (input channel,meml,gain,output)
• prop -pos -add (input channel,meml,gain,output)
These functions are largely similar to the 2- key -ctrl ones
above. The initialization makes sure that the input value
(e.g. joystick position) at the moment the mode is entered
is taken as the zero reference for velocity control or,
similarly, for the control of changes in position. This initial
value is stored in mewl, a memory address to be named.
For the -ctr and -add functions, a dead -zone value, a gain
(between ±1), and the output variable must be defined as
parameters.

Ik functions similar to the key - and prop - type functions
have been developed (and more are still under
development) to have the same possibilities with
keyboards, switches and proportional controls communi-
cating with MANUS through the I2C bus as an alternative
input. New functions for this bus are output functions to
control external switch functions or generate proportional
output signals. These are particularly useful for interfacing
with wheelchair control units. In a  la ter phase s imilar
functions are expected to be developed for communication
with the "M3S" bus, developed for the wheelchair environ-
ment in a European TIDE project of the same name.

General movement control functions:
• do- not -move
• move - allowed
• reverse -move (output)
• gain -n (output)
The do-not -move function sets all output variables to zero
and prevents any movement to be carried out, even if
output variables are redefined by functions like those pre-
sented above. It does allow the redefinition of the output
values, however. The move - allowed function removes the
movement block and allows movements to be carried out
as specified by the values of the outputs defined before
this instruction or as modified afterwards. Do- not -move
used in a pre- patchboard will reset all outputs to zero, but
allows their modification in the subsequent mode
patchboard (thereby always making sure that only actively
changed outputs will be effectuated at the end of each
sampling time of 40 ms).
The reverse -move and gain -n (n= 2,3,4,5,8) instructions
respectively change the value of the output into its negative
value and in its n times amplified value, but limited to a
certain maximum value to prevent overflow.

Display functions:
• display (code number)
• monitor -page (page number)
Display is used to define the 5x7 matrix symbol on
displays on the arm and on an external display.
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The display patterns have to be selected from a library, in
firmware present in MANUS.

Monitor -page may be used to transmit a page number over
the RS232 bus to an external PC, where it can be used by
the IRV MANUS Monitor interactive teaching program to
display relevant information corresponding with the present
mode. The pages displayed are DOS files that can easily be
made or modified in the  field, both to document new
patchboards and to facilitate training.

Patchboards

The functions available in the library may be used to create
patchboards for specific modes. For this purpose the
MANUS Patchboard Editor program, running on a PC,
must be  used. This  program uses a menu s tructure to
select the different operations. It includes two types of
HELP functions to get access either to relevant instructions
on operating the editor or to the information included with
each function in the library.

The Main menu of the MANUS Patchboard Editor gives
access to the following options:
• Create new Patchboard (from scratch)
• Copy Patchboard (as a basis to create a new one)
• Edit (an existing) Patchboard
• Print Patchboard
• Edit /view Catalog (of presently existing patchboards)
• Exit

When one of the first three options is selected, variables
may be defined and functions may be included, deleted or
edited in the patchboard. Functions may be selected by a
cursor in the library list  presented on the screen.  The
editor also asks for the function parameters to be specified
and allows to add comments.

Example is Pre- patchboard for keyboard configurations. It
contains only three functions:
read -keys
do- not -move
end
It reads the matrix keyboard to prepare the use of the keys
in consecutive mode - and post- patchboards. It also sets all
outputs to zero and prevents any movement to take place
at the end of the cycle unless allowed in consecutive mode -
or post - patchboards, as mentioned under the "general
movement control functions ".

It also includes tables (not shown) to define the names of
the keys of the matrix keyboard used in relation to their
physical input connections to MANUS. Note that this de-
finition is given in the pre - patchboard, of which there is
only one in a configuration. In this way, it is possible to
adapt a configuration to keyboards or switches with
somewhat different connections and store pre - patchboards
for different types of keyboards in a  l ibrary for use  in
different configurations.

Example 2: mode patchboard for keyboard - control of
XYZ movements of the gripper. It contains 15 functions
and one "label ":

init- cartesian
display (26)
8-key -gain -set (speed- x&y,speed- diagonal,10)
:start
BEGIN (:start)
key-.while-down
8- key -ctrl ( speed -x &y,speed - diagonal x- speed,

y- speed,key -2.2, key- 2.3,key- 2.4,key- 3.4,key -4.4,
key- 4.3,key- 4.2,key -3.2)

2- key -ctrl (key- 3.1,key- 4.1,10,z- speed)
2- key - ctrl -add (key- 1.1,key- 2.1,08,z- speed)
2- key -ctrl (key- 2.1,key- 1.1,02,roll- speed)
2- key -ctrl (key- 1.3,key- 1.4,08,gripper)
key-.going-up
key - new - patchb (key- 3.3, @PBJUMP)
move - allowed
monitor -page (0E)
END

The fast three functions select the cartesian control
procedure, set the display symbol, and define the speeds to
be used later. These functions are executed only the first
(sampling) time after the mode has been entered. The
BEGIN (start) function makes the next cycle to begin at
the :start position.

The key interpretation function key:while -down makes the
following key action functions to be activated as long as a
key remains pressed down. The names "key -n.m" of the
keys used in the latter functions refer to row n and
column in in a 4x4 matrix and have been defined in the
pre - patchboard. Controllable output variables
column- speed, x- speed, y- speed, z- speed, yaw - speed,
pitch- speed, roll-speed and gripper were automatically
defined by selecting the cartesian initialization function.

The 8- key -ctrl function controls gripper velocities in a
horizontal plane in 8 directions with a velocity value 10,
defined in the 8- key -gain -set function and transferred
through their shared (memory) parameters speed -x&y and
speed - diagonal.

Movement in the vertical (z) direction is controlled both
by the first 2- key -ctrl function with keys 3.1 and 4.1, and by
the following 2- key - ctrl -add function with keys 1.1 and 2.1.
These latter keys are also used in the next function to
control gripper roll (gripper rotation about its longitudinal
axis). Pressing one of these keys therefore results in a
simultaneous rotation and vertical displacement of the
gripper, optimized to simulate a drinking movement, but
also useful when pouring a drink into a glass.

The key- new - patchb function is preceded by the key-going-
up function, and therefore is activated when key -33 is
released. The patchboard to be activated has to be defined
later with the configuration editor when all patchboards
included within the configuration are known.
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The move - allowed instruction finally authorizes the
specified movements to be executed, in spite of the fact
that not all controllable output variables have been defined
here since the missing variables were already set to zero in
the preceding pre - patchboard.

Patchboards are stored as separate files and included in the
patchboard catalog upon their creation. The "Edit /view
catalog" option of the patchboard editor gives access to the
following selections:
• Import Patchboard
• Remove Patchboard
• View Description
• Edit Description

Confleuratkons

Configurations are created with the "MANUS
Configuration Editor" program on a PC. The creation
begins by selecting the patchboards to be included in the
configuration from the catalog displayed on the screen. A
configuration must contain an initialization patchboard
defining start-up operations, a pre - and a post - patchboard,
and one or more mode patchboards.

Once the patchboard set has been selected, the "patchboard
jump" parameters have to be defined in all patchboards
containing them. The selection is made with a cursor from
the previously defined set of patchboards. A page of
comments may be added at the end.

Another option in the configuration editor must be used to
compile a newly created configuration file into a file down -
loadable into the MANUS controller. Existing configu-
rations may also be re- compiled to update them when
changes have been made within the patchboard files (as
long as the transitions between the patchboards remain the
same).

Finally, the MANUS Download Program is used to
download the compiled configuration file into the MANUS
system through a RS232 link. MANUS is then ready to
operate with the new configuration. The RS232 link may or
may not be maintained to run the MANUS Monitor
program for interactive information about each of the
modes used.

Conclusion

With the editors and the function set available today it is
possible to create or modify in a fairly simple way
configurations adapted to different users of the MANUS
telethesis. Today, most experience has been obtained with
keyboard - controlled configurations, but the function set is
gradually extended to include other control inputs.

Some user- unfriendly aspects still remain in today's
editors, like the need to assign addresses to variables being
defined and the use of hexadecimal numbers for
parameters rather then decimal. In future updates of the
editors and the firmware within MANUS these aspects will
be gradually improved.

Nevertheless, experience will have to teach us whether and
to what extent the objective of making programming of
MANUS accessible to others than technically skilled
persons can be reached. One option being considered is to
have different levels of access to modifying and creating
configurations, ranging from a limited authorization to
modify some parameters within given ranges up to full
access to all features. User safety, product liability, and
warranty considerations are complicating factors in this
respect.
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INVENTAID: TECHNOLOGY FOR THE DISADVANTAGED
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Introduction

Over the last twenty years medical science has made
enormous progress in the treatment and
rehabilitation of persons with spinal injuries. This
means that there are an increasing number of people
now surviving with only very limited movement,
who would in the past have died. In some cases
young people are condemned to life with only
tongue, eye and head movement. This presents a
new and urgent need, that can only be met by
engineers and other professionals working together.
This is a very real challenge, that must be addressed
by the best minds of our generation.

InventAid was founded as a non - profit making
organization to develop devices to help the disabled
and especially for the spinally injured. In the past
we have been funded by donations from ASPIRE,
Comic Relief, and other charities and our workshop
has been provided free by Spitting Image
Productions Limited. AirMuscle Limited provide
administration and accounting free and the directors
Dr. Robin Platts and Jim and Yvonne Hennequm
provide their services free.

Wheelchair Mounted Manipulator

Over the last four years we have been developing a
pneumatic wheelchair mounted manipulator arm for
use by the paralysed and this is based on the
Flexator* air muscle. This is a patented pneumatic
actuator which is particularly suitable for use by the
disabled. To test the suitability of the system a
simple manipulator was made for a girl in North
London, who has muscular dystrophy. This arm
enables her to paint, eat and generally look after
herself. Her wheelchair is fitted with a twelve volt
compressor, air tanks and control system, and the
system has proven itself by operating satisfactorily
for two years without maintenance.

We have also completed several prototypes of the
full manipulator arm, the latest of which will lift
three kilograms from the floor up to four foot from
the ground. It is sufficiently sensitive to pick up an
egg and with only a few minutes training it is
possible for anyone to lift a cup up to the mouth
and drink from it. The system could be retro -fitted
to almost any electric wheelchair and should not

cost more than $4,800, when manufactured in
quantities of 500 or more a year. The latest version
has been on trial by tetraplegics in London and is
now in production in Cambridge.

Palatial Tongue Controller

Those with high neck injury, who only have head,
eye and tongue movement, would be unable to
control a wheelchair manipulator or any other
device if we had not also developed a system to suit
their needs. Devices, which make use of the
movement to the head are not popular with
tetraplegics because they are obtrusive and because
they rob the individual of the last body language
they have remaining.

Our director, Dr. Robin Platts originated the concept
of a tongue controller and Matthew Steinberg and
Jim Hennequin have been perfecting such a system
over the last two years. This system consists of a
dental plate, which is fitted to the upper teeth
having small plates which are touched by the
tongue. A minute receiver and transmitter signals
the tongue movements to a coil worn around the
neck and thence to the controls of the wheelchair
mounted robotic arm. The tongue is a perfect
muscle for the purpose of controlling devices
because it is fast, accurate and hidden from view.
The system has been proven to be viable and will be
ready for production, when we have completed the
miniaturization of the circuits for the receiver and
transmitter. The system could also be used by
paralysed people to control the wheelchair itself,
computers, their environment and even motor cars.
The palatal tongue controller is particularly useful to
get the spinally injured back to work. Via our
mouse emulator the paralysed person can use CAD,
desktop publishing, wordprocessing, paintbox and
many other computer systems at the same speed as
every other employee. The InventAid tongue
controller was a finalist in last years Archimedes
Awards. Both our arm and the tongue controller are
the only economically viable systems available in
the world at present.

* The Trademark FLEXATOR is the property of
AirMuscle Limited.
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HANDY 1 ROBOTIC AID TO EATING: A STUDY IN SOCIAL IMPACT
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Abstract

Twenty users of the Handy 1 Robotic Aid to Eating
were surveyed in order to gain information on user
response to  it. All had been users of the aid for
more than three months. Data collection was by
personal interview using an open -ended
questionnaire, in some cases more than one visit
being necessary to complete the interview. A
number of issues were raised, some of which will
mean adaptations to the design of the aid and a re-
evaluation of the way in which training is provided
for the users. The overall response was positive and
the aid was viewed as an innovative and useful aid
to rehabilitation.

Introduction

The work on the Robotic Aid to Eating began in
October 1987 and the relatively simple design of the
early days has given way to the far more
sophisticated version known as Handy 1. Right
from the beginning certain criteria were specified:

• The equipment must be relatively low -cost;
• It must allow a person to eat a meal unaided;
• It must allow the user to choose;
• It must offer the opportunity for increased

dignity and confidence building.

The human element of robotics has received
relatively little attention in comparison to the time
and effort devoted to innovation and perfection in
mechanical and electronic design. This is not only
true of rehabilitation robotics, where, until recently,
very few systematic surveys of user factors have
been undertaken, but also of industrial robotics,
according to a comprehensive review by McIlvaine
Parsons (1988). This neglect of robotic users may
be relatively unimportant in industrial settings where
many tasks are pre- programmed in order to
deliberately exclude human intervention but it is
unthinkable to ignore the various potential user
groups when designing applications of rehabilitation
robotics: quite simply, if the machines are not used
they are useless.

Method

Participants

In 1988, a survey of local schools and Adult
Training Centres (A.T.C.'s) within a fifty mile
radius of Keele had identified individuals who, it
was thought, could benefit from the use of Handy 1.
However, in addition to physical disability, most
had learning difficulties ranging from moderate to
profound and all but seven had severe
communication problems. By the end of 1990, 36
aids were in regular use with 6 people having 2
each. Ages ranged from 4 to 82 years (Table 1).

Table 1. Age Distribution of Users

Years Numbers

Under 5 1
5 -10 3
10 -20 10
21 -30 6
30 -40 5
40 -50 3
50 -60 -
60 -70 1
70 -80 -
80+ 1

30

Twenty users were selected from this group to take
part in the survey. This represented all those who
had had the aid for more than three months. Where
possible users were interviewed but mono often the
respondent was a parent, teacher, or therapist. All of
the subjects had to have been either a user, or
working with a user of the aid for 3 months or
longer (Table 2). The range was 3 months to 2.5

years.

Table 2. Respondents

Users
Parents
Therapists
Teachers
Nurse
Centre Manager

Total 20
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The aids had been placed in a number of different
settings. (Table 3).

Table 3. Location of Robotic Aids to Eating

Schools 11
Nursery Schools 1
Private homes 15
Adult Tr. Centres 2
Hospitals 5
Residential Homes 2

Total 36

It was noted that some settings were much better
than others at accommodating and accepting the new
technology. Those individuals gaining the most
benefit from the aid were those using one both at
school and home. The fact that they had chosen to
have an aid in both settings reflected their
preference for feeding themselves at all times if
possible. However each place showed up its own
advantages and disadvantages. What was common
to each was that the aid had to be effectively
managed in order for the user to gain the maximum
benefit.

Method

Handy 1 was used for at least one meal each day by
all respondents. Where the user had one aid at
school and one at home, two meals a day were
usually eaten with the aid. The meal most likely to
be missed was breakfast.

A questionnaire was constructed. Specific questions
were asked about initial reaction and training, where
the aid was used and how often. The latter part of
the questionnaire was left open -ended to encourage
the users to discuss any issues they wanted to raise.

All respondents were approached by telephone and
all agreed to take part in the research. Interviews
took place in users' homes, schools, and hospitals.

Results

It is most convenient to present the results under
three major headings. The acquisition of the aid,
the aid in everyday use (housekeeping) and personal
development. Some discussion of the findings will
take place as issues are raised.

Acquisition and Training

Initial Reaction

For most of the respondents their visit to the clinic
had been their first opportunity to see the aid. In
every case there had been a matter -of -fact
acceptance of it They saw it very much as a means
to an end - it was solely its functionality that
interested them at this stage. They all felt that they
had been given a reasonable amount of time to try
it out and ask questions before deciding to proceed.

Seating

Five subjects stated that it was at this initial trial
that they realised that they had seating problems.
Because the spoon does not change its position in
the same way that a human helper will
accommodate shifts in user position it soon became
apparent to them that their chair was offering
inadequate support. These users were assessed for
new bodyforms in their wheelchairs and it  was
brought home to us that when you change
something in the environment there is a knock -on
effect. Using the aid showed up strikingly how
seating can became inadequate almost imperceptibly.
The presentation of the spoon in the same position
each time gave the users and carers immediate feed-
back on posture. Correct posture was not only more
comfortable and made eating easier, but was also
felt by the carers to improve eye contact
opportunities.

Delivery and Training

The robotic aid was always delivered and installed.
Training of the user and carer took place together.
In some cases pre - training was needed. This was
either learning to activate the single switch or
practice at taking the food from the spoon.

Table 4. Satisfaction with Training

Very Moderately
Satisfied Satisfied

Users 6
Parents 4
Therapists 3
Teachers 1
Manager -
Nurse 1

15

The users were satisfied with the instruction (Table
4). Some of the carers were using computers for
the first time and these were the ones who felt that
although their instructor had been willing to explain
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things to them as often as it took they still were not
knowledgeable enough to deal with the unexpected.

All carers stated that the need for more information
and skill became apparent as time went on. As long
as the aid remained in the state in which it was
delivered they were fine, but if they "got out of the
program" they were stuck. During the course of the
interviews a number mentioned that a manual and/or
a training video would be useful. (These have now
been produced. The Video is proving useful, but
the Manual less so. The reasons most often given
for this were that the Manual was kept in "a safe
place" and they could not access it easily, but more
importantly that if something went wrong it was
always when a meal was being eaten and they did
not want to keep somebody waiting with their food
going cold while they ploughed through the
Manual). The most recent suggestion, yet to be
acted upon, is that a `check -list of simple
problems/solutions be produced on two sides of A4,
covered in wipe -clean material and permanently
attached to the aid.

While there was an overall favourable response to
training all the carers interviewed thought that they
would learn more if given the opportunity to be
trained on the aid before they worked with their
clients on it. They felt that if they built up their
confidence they would be able to concentrate on
improving the user's skills at mealtimes rather than
concentrating quite so much on the aid. One carer
felt that she transmitted her nervousness to the user
and wanted to avoid this.

The carers themselves demonstrated a wide range of
competence with the aid. 50% of the carers were in
favour of attending a one -day training session at the
University. Those who felt this was unnecessary
were employed in teaching hospitals or day centres
where technical back -up was available if needed.

General Housekeeping

The following issues were raised:

Bulkiness Ease of Use
Storage Difficulties Hygiene
Destructiveness Cost/benefit
Safety Food preparation
Aesthetics

Some of the points made have been dealt with as
the research has continued, although current users
have not yet had the benefits fed back into the
system. The latest version of Handy 1 is smaller,

there are no trailing wires, it is  encased in  easy
clean material, and it is easier to fold the arm away
from exploratory fingers.

However, some concerns cannot be altered. For
example, it can only be mains- powered, so that
institutions worrying about trailing wires in a dining
room, for example, will need to effect
environmental changes themselves.

Cost/time effectiveness

Early in the development of the aid it had been
postulated that savings in man-power would soon
offset the cost of buying Handy 1. The equation is
not so straight forward. Initially, extra time had to
be allowed for training, and although the aid has an
alarm button in case anyone should get into
difficulties at any time, for the more severely
disabled the carer was always near. One special
school had three Handy 1's, which were used every
day for meals and this had not led to any reduction
in man hours served. It was not perceived as a
threat by the carers, mainly because they viewed it
as an extension and enhancement of themselves and
not a replacement. Once the system was up and
running they felt that the quality of the time was
improved because they were freer to observe the
child and felt that they communicated with the child
more often than when feeding conventionally.

Where the user had earlier been able to feed
themselves, the carers felt that some time was saved
but more generally they reported that they could
relax more over mealtimes. The time that they
"saved" was not spent elsewhere, but they could go
back to a mealtime routine closer to that pertaining
before the accident or illness.

One child had been taken off a conventional feeding
programme because his parents hoped that the
robotic aid would be more beneficial in the long
run. They had invested their time and energy
heavily in the aid even going so far as to make a
cardboard mock -up of Handy 1 before it was
installed in order to get their child used to it. They
were not interested in saving time but in using their
time as effectively as they could. When interviewed
they felt they had made a good decision.

Food

The users felt that there were no problems about the
preparation and serving of food. Some foods such
as soup were impossible but generally speaking they
ate everything that they had eaten before. This was
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particularly true of children handicapped since birth.
The spoon loaded most easily if there was gravy to
help foods to cohere and the children with
swallowing difficulties had always been fed in this
way. One child in a hospital always had egg and
bacon for breakfast. He also had cereal of a type
which the aid had difficulty coping with. He got
round this by eating the bacon with the aid, the
carer then mashed up the runny egg and added
cereal, the egg helped to bind the cereal and keep it
on the spoon. On the two occasions when the aid
was not available to him he still insisted on his
cereal being prepared this way. The family above
discovered that the aid coped very well with
Chinese food. One mother was preparing a booklet
on foods that work particularly well with the aid
and the most attractive ways of presenting them.

Whilst types of food was seen as presenting few
problems,quantity was a different matter. If the dish
was not filled to the line marked, the spoon did not
perform as well as it was capable of. This was
particularly noticeable in the nursery school. The
food did not fill the plate and although the child
was making the right movements he was not being
rewarded with a spoonful of food.

Safety

Safety concerns were expressed about Handy 1, but
it  was only in relation to trailing wires, people
walking into the aid, or perhaps knocking it over.
Where head spasms were likely to occur carers
wanted to assure themselves that there was not
enough force behind the robot to do any damage to
the user.

Aesthetics

As the novelty of using the new aid wore off users
and carers turned their attention to the aesthetics of
it. Most of the respondents linked the looks of the
aid to improving safety aspects, i.e. "..the food
keeps falling on the keys and I'm worried it might
damage the computer, it would be much better
enclosed in a case of some kind." They all wanted
the aid to be smaller and portability was deemed
highly desirable. This contrasted sharply with their
acceptance of it when first seeing it, but seemed to
imply another kind of acceptance - that it was a
permanent addition to the household so they would
Eke it to look as pleasing as possible. On the whole
they didn't want it to be made to look like anything
else, it was what it was, but those in houses did take
up a lot space in comparison to the amount
available and all wanted the aid to be as compact as

possible.

Personal Development

The following issues were raised:

Freedom of Choice Prestige
Self- confidence Self- esteem
Improved head control Improved mouth control
Naughtiness Extra attention
Motivation

Freedom of Choice

This was rated highly by all of the respondents.
The users appreciated the opportunity to take control
because when one is severely disabled the
opportunity for choosing is limited. The reliance on
others to make choices for one was particularly
irksome for those who had previously been able to
feed themselves. The carers wanted to encourage
as many different types of behaviour as possible,
and the ability to make decisions of any kind was
seen as being highly desirable. They felt that using
the aid allowed users to make a decision and then
immediately act on it. For the more severely
disabled it was felt that the opportunity to exercise
choice was not an option available to them very
often and the fact that the aid allowed this was seen
as a valuable contribution to rehabilitation.

PrestikelOwnershit)

In schools and hospitals where equipment was often
shared the user actually had the exclusive use of the
aid. This led in some cases to personalisation of the
aid. One child with one at school and one at home
named them Bill and Ben (well known puppets in
England). One boy reported that his friends thought
he was 'clever' because he was using a computer
controlled robot and his carer thought that this
positive reinforcement had spurred the child on to
greater efforts. His position in the group had
changed and he was keen to maintain his new
status.

Self- esteem/Self- confidence/Motivation

Most respondents mentioned that they had noticed
an improvement in one or more of the above.
When asked to be more specific they found it
difficult to put it into words, just a feeling that the
user was more alert and more responsive. One carer
specifically mentioned naughtiness here. She was
caring for a child who was paralysed from the neck
down and on a ventilator, but who took great delight
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in deliberately interfering with the set -up program
on the aid so that she had to keep re- setting it. She
compared it to her own childhood when she had
flicked peas at her friends. "Anecdotal evidence
confirms that children appear to produce differential
responses to the authority of the machine (computer)
compared to that of humans." (Underwood &
Underwood, 1990). In their study, young boys
deliberately produced incorrect responses in order to
have a severe reprimand printed on the screen.
They felt that the opportunity to disregard an
authority figure was almost a cathartic activity
which they enjoyed to the full, and that the children
in their study felt a sense of control when working
with computers which was not achievable when
adults took the role of computer (teacher). They
postulate that such a sense of control ... "might lead
to greater self- esteem and be motivating in itself."
(Ibid).

Some users had started using computers accessed by
single switch after using the one on the aid but one
cannot assume cause and effect. When a person
becomes the user of Handy 1 a lot of extra attention
is focused on them and they respond to this. This
is an area where more data is needed.

Improved Head and Mouth Control

When using Handy 1 the user may press the single
switch up to 42 times each meal. He moves his
head forward the same amount each time and the
spoon presents itself in the same place each time.
Some of the carers thought they noticed improved
co- ordination as a result of this. They felt that they
had observed a reduction in habits such as teeth
clamping on the spoon.

This is an interesting observation. When fed by a
carer the spoon is usually removed from the mouth
but when using Handy 1 the eater has to remove his
or her mouth from the spoon and they cannot do
this until they let go with their teeth. The spoon
will just wait there until the user gets the hang of
how to do it. It never gets impatient and it never
changes its presentation. When the user gets it right
he or she is immediately rewarded with food.

Similar observations were mentioned over head
control, firmer lip control and swallowing.

One carer had attempted to record improvement but
the child she was working with was so severely
disabled that it would take a long time for trends to
show in the recorded data. Most carers said that
they would be happy to record behaviour but with

the exception of the therapists did not feel
competent to devise an adequate scoring system. It
became apparent during the course of these
interviews that more detailed record keeping would
need to be encouraged.

Six of the 30 original users have been unable to
continue using the aid. As the study progressed it
became possible to identify the factors influencing
successful placement:

• Parental involvement must be strong;
• Keyworkers must be involved from the

beginning;
• The younger the better (4 years onwards);
• Good initial assessment i.e.

a. worked best with those who had
never been able to feed themselves;

b. least successful users were those
with degenerative conditions;

C. worked well with short-term users
such as stroke victims working to
regain use of their hands.

Discussion

The study of robots in a domestic setting is in its
infancy. Clay, Hillman, Orpwood and Clarke, (1987)
in their study of potential users of a robotic aid
system, focused on the intended user population,
what types of tasks robots would be expected to
perform, what physical ability the user population
would need to possess and whether people actually
needed robotic help. Results indicated that there
would be a potential market for a robotic aid
system.

This study has taken the above survey a step
further: the potential market transformed into an
actual market. The Robotic Aid to Eating performs
only one of the tasks mentioned as being desirable
but it is felt than many of the points raised during
the course of the study will be generalized to
robotic placements per se.

Some specific recommendations on the placing of
domestic robots can be made as a result of the
findings of this study:

That people be individually assessed;

That adequate home /school support should
be forthcoming.

Training should be given to support staff
before they introduce the aid to the user;
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• Continued support should be available via
training videos, manuals, checklists etc.;

• Careful monitoring of the removal of aids;

• Inclusion of interested professionals at all
stages. They can make the difference
between the success and failure of the
introduction of new ideas;

• Third party observation of user /carer.
Refinement of technique then become
possible;

• Encourage record keeping as an aid to
monitoring progress.

A study such as this one can only pick up
impressions and point to the areas where further
work is necessary. Because the employment of
domestic robots is such an unknown quantity,
particularly when used by handicapped people, it
was felt important to keep this initial study fairly
wide ranging. What did emerge was that at least
three main areas of study need to be addressed more
closely. Firstly, a more detailed study of the
management of assessment and placement is needed
so that valuable time and resources are not lost to
those who will not benefit.

Secondly, a suggestion has emerged that there may
be physical improvement to users of the aid and that
some of the improvements may generalise to other
areas of effort. If this could be demonstrated it
could form the backbone to what some have
suggested could be called "robot therapy ". A study
has already begun at Keele to test this hypothesis.
It may be that Handy 1 has a useful place in  a
conventional therapy programme.

Thirdly, Baron & Greenberg suggest that
performance and underlying self- esteem can be
enhanced by inducing individuals to interpret failure
as stemming from external causes. (Behaviour in
Organisations, 1990) While there are obvious
dangers of attributing all lack of success to other
causes, it hardly needs to be pointed out that
disabled individuals are more at the mercy of others
than the general population, because they are less
able to control their environment. It may be that
when they are introduced to the robotic aid, which
they can control, they can attribute their lack of
success in eating unaided to factors outside
themselves (i.e. society did not provide him with the
right tools), and this may aid the development of

self - esteem. This could be an interesting line of
enquiry.

Conclusions

There are moral and ethical questions which need to
be addressed. This is particularly true when parents
are prepared to take children off established training
programmes and substitute newer and relatively
untried technology. It is also difficult when placing
an aid such as this not to be aware of other things
in the environment which may need to be changed -
seating is but one example - and so care has to
taken when dealing with other professionals.

What has become apparent is that the consumers of
domestic robotic technology are naive consumers in
many ways and it is therefore necessary for those at
the forefront of designing and placing robotic aids
to take the initiative in understanding their needs
and designing for them. If an aid such as this is
used to perform a function, the mere performing of
that function to the best of one's  ability has an
effect on other areas of the user's life. This may be
true of many activities, but the fact that the Robotic
Aid to Eating has the ability to gratify a basic
human biological need and appears at the same time
to offer the opportunity to serve the gratification of
psychological needs, means that this is an area
worthy of further study.
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INTEGRATING A MANUS MANIPULATOR AND AN ELECTRIC WHEELCHAIR.
PRACTICAL EXPERIENCES

Tone Oderud & Jon Erik Bastiansen
Center for Industrial Research

Oslo, Norway

ABSTRACT

Center for Industrial Research (SI) has in
collaboration with the Norwegian wheelchair
manufacturer Norsk Rehab Teknologi equipped an
electric wheelchair with a  MANUS manipulator.
The MANUS is operated by four switches in the
neck - support and the wheelchairs joystick. It
provides the user with increased mobility and gives
a feeling of being more independent. A workplace
has been developed for a young person with a high
neck injury. The work is mainly desktop publishing,
and the person is using a Macintosh, a Headmaster
with puff and sip control, voice input, a mouth stick
for typing and the MANUS manipulator for fetching
manuals, papers, diskettes and assisting copying and
scanning. The paper describes the operation of the
MANUS manipulator and the users experiences.

BACKGROUND

Today there is a rapid development within the
field of robotics and information technology,
specially directed towards less expensive and more
flexible solutions, and improvements in robot control
and human - machine communication. This enable
people with severe disabilities to perform everyday
functions more independently and give them greater
opportunities to participate in the professional life.
In addition to improve the quality of each person's
life, it will reduce the number of persons receiving
disability benefits.

Robotics for disabled people are in some aspects
significantly different from traditional industrial
robotics. In industrial applications the robots are
shielded from the operator. This is not possible
when the robots have to be in close interaction with
the user. Safety has to be of prime importance in
rehabilitation applications.

OBJECTIVE

The main goal of this project is to test out how a
wheelchair mounted manipulator can assist a person
with severe disabilities both in the professional life
and in daily life.

This is split into 3 activities:
- Integrate the manipulator and the wheelchair and
modify the user interface to the disabled abilities.
- Develop the workplace.
- Preprogramme sequences to be downloaded from a
computer and stored in the MANUS memory.

The results are continuously evaluated through out
the test period.

METHOD /APPROACH

Basicly there are three different ways of applying
robotics in rehabilitations applications: fixed
working stations, wheelchair mounted systems, and
autonomously mobile systems. The fixed working
stations are often based on standard industrial
robots. They are fairly cheap, very fast, easy to
operate and easy to preprogramme. Unfortunately
they have to work in a structured environment and
they can only perform limited actions. A wheelchair
mounted robot can be used in an unstructured
environment and it gives the user greater flexibility,
but it is more expensive and in general more complex
to operate. Autonomously mobile robots are even
more complex, and for this project we did not really
consider these systems. We have chosen a MANUS
manipulator because we would like to test the
advantages and disadvantages of a wheelchair
mounted robot operating in an unstructured
environment. The MANUS manipulator was
developed at the Dutch Organization for Applied
Physics 'TNO" and is now commercialized and
manufactured by Exact Dynamics in the
Netherlands .

To be sure that the results are of both practical and
commercial interest, we started working with a
young male person with a high neck injury (C4 /C5)
and the Norwegian wheelchair company Norsk
Rehab Technology. In addition we have frequent
discussions with TNO and Exact Dynamics.

The MANUS arrived in September 1991. Because the
manipulator primarily should be used in
unstructured environments, it was of main importance
that the user easily could operate the MANUS. It
was hard for the user to operate the original
keyboard on the MANUS, but he could easily
operate the joystick on the wheelchair. Together
with the user and Norsk Rehab Teknologi we
decided to operate the MANUS from the electrical
wheelchair Zenit 4000. The original keyboard was
replaced by control signals from the Zenit. Change
mode and open and close gripper are controlled by 4
switches installed in the neck - support. Exact
movements of the MANUS are controlled by the
wheelchair's joystick. In combination with the
joystick and the 4 switches in the neck - support, the
user is able to utilize MANUS' 8 degrees of freedom.
A display on the wheelchair control panel shows
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Figur 1.
Using the MANUS at the workplace.

the actual mode. In addition to the direct control of
the MANUS the user can select 10 different
preprogrammed sequences from the switches in the
neck - support. So far only the "fold in" and "fold out"
procedures are implemented. _

The user has been using the MANUS at work for
about 11/2 months, and he will be using it for 4 more
months. He has also used it at home for a short
period. Next step is to make preprogrammed
sequences. This will speed up the execution of
specific tasks. The MANUS was supplied with a
stand alone unit, and in combination with
preprogrammed sequences it can give some of the
advantages for fixed working stations. A stand alone
unit for the MANUS and preprogrammed sequences
can be of spesial interest at the workplace. The
results are continuously evaluated throughout the
test period.

RESULTS

A MANUS manipulator and a Zenit 4000
wheelchair are integrated and modified to meet the
disabled person's abilities. The MANUS is operated
by 4 switches in the neck - support and the
wheelchair's joystick. In addition the on /off switch
and the safety button is positioned on the
wheelchair's control panel reached by the user.

It is of great importance that the user interface
easily can be modified to the disabled person's
abili t ies .

The experiences so far show that the MANUS
provides the user with increased mobility and gives
him better possibilities to perform everyday
functions more independently. Similarly the Manus
enhances his functiona1lity at work. But the
MANUS needs to be tested for a longer period of time
to see the long term results.

The MANUS is an advanced tool which the user
needs some time to be able to operate effectively.
Our user was a highly motivated young male. His
interest proved to be valuable during the
development phase.

DISCUSSION

The MANUS obviously has a lot of advantages. It
gives the user increased mobility and the possibility
to perform everyday functions more independently.
So far the user's experiences are that a wheelchair
mounted manipulator definitive is useful in
unstructured environments. In addition to operate the
computer at the workplace he can change diskettes,
get papers, manuals and books, use the copying
machine and get the Headmaster. At home he can
for example put food in the microwave, take it out
and eat it, drink from a glass with or without a
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straw,  c hange CD- reco rds  and  vid eotapes , get b oo ks
and  magazines  and mo re eas ily us e his  c o mp uter.  He
live s  b y  h ims e lf  an d  he  f ee ls  t h at  a  whe elc h air
mo unted  manip ulat o r is  mo re us eful  at  ho me then at
th e wo rk p lac e.

T h e d is a d v an ta ge s  a re  t ha t  th e man ip ulat o r  a d d s
mo r e wid t h an d  we ig ht  to  t he  whe elc h air,  a nd
makes  it  more d iffic ult  to  mo ve aro und .  As
mentio ned  t he MANUS  is  an a d vanc ed  to o l an d  the
us er needs  so me t ime to  get us ed to it.  Oc c as ionally
the u s er gets  t ie d  o f  hav ing the MANUS  at  the
wheelc ha ir fo r a  lo nger p erio d  o f t ime.  In this
pro jec t  it  was  nec es s ary p lac ing b o th the
manip ulato r a nd  the jo ys tic k o n the lef t  s id e o f the
wheelc hair.  T his  was  n o t t he id eal  s o lu tio n  fo r  the
us er.  As  a general rule the jo ys tic k and  the
manip ulato r sho uld  no t b e o n the s ame s id e o f the
whe elc ha ir .  I t  is  th er efo re  imp o rt ant  t hat  t he us er
c an c ho o s e b etween a right hand  o r a left  hand
mo u nt ed  ma nip ulato r.

A s p ec ial s us p en s io n elemen t was  d elivered  with
the  MANUS ' ,  an d  th is  mad e  t he  man ip u la to r ea s y
to  p lac e o n the wheelchair.  T he c o ntro l b o x was  p ut
in a  s mall b ag at  the  b ac k o f the wheelc hair.  T he
mo d ific atio ns  o f the us er interfac e were the mo s t
t imec o ns uming a c tivity.  T his  inc lud ed  in tegra ting
th e MANUS  an d  t he  wh ee lc h air ,  in s ta ll ing  t h e 4
switc hes in the neck- s up po rt,  and  p lac ing the o n /o ff
s witc h and  s a fety b utto n within the u s ers  area o f
ac c es s . It  is  c rucial for p eo p le going into  this field  no t
to  u nd er es t imat e t he t ime  tha t  is  re q uir ed  and  the
imp o rtanc e o f ad jus ting and  d evelo p ing an
ind ivid u al inter fac e to  eac h us er.

T he Zenit  4000 ha s  b uilt  in fac ili t ies  fo r
c o mmunic at io n wit h e xter nal  d e vic e s  l ike
manip ulato rs  an d  c o mp uters .  T h e MANUS  is  als o
d es igne d  to  b e inter fac ed  to  d if ferent wheelc hairs .

• Zenit
whee lchair

User

Dis p lay

Figur 2.  Blo c k d iagram o f the s ys tem

Nevertheles s ,  this  p ro jec t  s ho wed  the need s  fo r a
s tan d ard  d ig ita l c o mmun ic a tio n  int erf ac e b etween
wh ee lc h airs  a n d  ma nip ulat o r s  a nd  o t he r ad d it io na l
eq uip men t.

AC NO WL E DG EME NT

The p ro jec t  has  b een found ed  b y Center fo r Indus trial
Res ea rc h in No r way.  No rs k  Reha b  T ek no lo g i has
s up p o rte d  th e p r o jec t  with a Ze nit  4000  whe elc h air
an d  ha ve  f o u n d e d  th eir p a r t ic ip a tio n .
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EXPERIENCE
Wrrli THE NEIL SQUIRE FOUNDAT1ORllREGENES1S ROBOTIC ASS1STNE APPLIANCE

Gary E. Birch and Markus Fengler
Neil Squire Foundation

North Vancouver, Canada

ABSTRACT

The Neil Squire Foundation has been involved in the
development of a robotic assistive appliance (RAA) for
persons with severe disabilities for the past seven years.
Currently, RAAs are in regular use with persons with
disabilities at the following locations: Ecole Victore Dore,
(School for Children with Disabilities) in Montreal; Lyndhurst
Spinal Cord Centre, Research Department in Toronto; IBM
Special Needs Systems Group in Boca Raton, Florida; and in
a demonstration automated office at the Neil Squire
Foundation in Vancouver. Recently, the first generation RAA
has been transferred to the Regenesis Development
Corporation (wholly owned by the Neil Squire Foundation) in
order to facilitate commercialization and market delivery.

1.0 INTRODUCTION

1.1 The Neil Squire Foundation

The Neil Squire Foundation, a Canadian non -profit organization
based in North Vancouver, has both service delivery and research
and development capabilities and is well equipped to respond to
needs of adults with severe physical disabilities. Service delivery
programs include computer and technical assessment and training
and an employment training program called Creative Employment
Options. Research and Development projects include: development
of a robotic arm; an environmental control system; various computer
access programs; remote gateway and automated home; and a
literacy program specifically designed for persons with severe
disabilities.

1.2 Robotic Assistive Appliances for Persons with Severe
Disabilities

The Neil Squire Foundation has been involved in the development
of a robotic assistive appliance for persons with severe disabilities
for the past seven years [1,2,3,4]. All research and development
activities undertaken by the Foundation, the robotic appliance being
the largest in scope to date, are conducted as applied research
projects designed specifically to meet the needs of severely disabled

users.

The first step in the development of The Neil Squire Foundation
robotic assistive appliance (RAA) involved an extensive survey of
previous work, in particular, that of Palo Alto VA Medical Centre[5],
and Johns HopkinsUniversity[6]. Subsequent surveys included work
carried out by Georgia TechM. Stanford University[8,9,10), PRAB
[11] and Boeing[121. The initial survey was followed by interviews
with several severely disabled potential users, occupational and
physical therapists, and service delivery specialists.

As a result of these surveys and interviews the key features in the
design of this first generation RAA were determined to be:
functionality based on the users needs and wishes; low cost; ease

of use (operates using a user - friendly computer software program);
fully programmable (by either the disabled person or by an
attendant); user safety; portability; (robot weighs only 18 Ibs.);
flexibility in RAA configuration; and reliability.

The basic reasoning, which led to the horizontal axis /cylindrical
coordinate geometry of the RAA, was to create a manipulator that
was work station located, could perform similarly to an attendant and
was human size in scope. This led to mounting the arm on a
horizontal bar which allows for sideways travel over a work table and
the ability for the arm to rotate underneath so that it can access
items stored at the back of the work area. The resulting RAA has six
degrees freedom as well as a seventh for end - effector actuation.

The RAA is generally operated using a unique program called
FLASH which runs on any IBM PC compatible computer. This
software program is designed to act as a user friendly interface for
persons with disabilities, as well as able - bodied persons. The
computer, through a serial interface link, communicates to the robot
through a low level controller.

Users who are disabled access the computer using one of a number
of special input devices. Persons with adequate motor control may
use the standard keyboard with the assistance of a handstick,
mouthstick or headstick. An expanded keyboard can be used by
persons wiii-i reaching capabilities, but with poor accuracy co nrcl.
Persons with limited motor capabilities may use a pneumatic breath
switch to activate a Morse code keyboard emulator. In the most
severe cases, the disabled persons may use whatever motor control
they possess to activate a single switch closure to select commands
from a scanning system built into FLASH. Voice recognition systems
may also be effectively used by persons with vocal capability.

FLASH allows the user to move the robot using programmed tasks,
direct control or master slave control. FLASH also allows the user
to program and edit tasks. The robot can be programmed, either by
the disabled user or by an attendant, to perform such tasks as:

fetching a book, opening it and turning the pages
loading and unloading a computer disc
taking paper out of a computer printer
loading paper into an oplical scanner
extracting and returning files to /from a file storage system
serving a drink

Clinical testing on the RAA was carried out before the final
development phase to ensure user feedback was incorporated
before it was finalized as a product and introduced to the market.
This NHRDP supported clinical evaluation of the robot was
completed approximately two years ago in a 15 month project
involving 15 persons with severe physical disabilities and 4 able -
bodied attendants [13]. Trials indicated that user response is very
positive on the capabilities of the device. The major areas identified
through the clinical evaluation process which required further
attention were related to safety, the low -level controller, the end -
effector, cosmetics, and certain aspects of the user interface.
Recently, work addressing these areas has been carried out and
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now this first generation RAA has been transferred to the Regenesis
Development Corporation (wholly owned by the Neil Squire
Foundation) in order to facilitate the commercialization and market
delivery of the RAA. Currently, RAAs are in regular use at the
following locations: Ecole Victore Dore, (School for Children with
Disabilities) in Montreal; Carleton University, Department of
Computer Science in Ottawa; Lyndhurst Hospital, Research
Department in Toronto; IBM Special Needs Systems Group in Boca
Raton, Florida; and in a demonstration automated office at the Neil
Squire Foundation in Vancouver. The use of the RAA with persons
with disabilities is described in the following Section.

2.0 CURRENT IMPLEMENTATIONS

2.1 Ecole Victor-Dore, Montreal

Victor -Dore is a school for physically disabled children. The school
purchased an early version of the Regenesis RAA in 1989. The
robot is being used by children to move objects around on a large
play table which consists of a village scene with toy people and
animals. The table also has a toy train running on it which the
children control in conjunction with the robot. Part of the work is to
teach children spatial relationships between items and how
relocating such items affects their appearance. It is also used to
provide children with the capability of physical control of their

surroundings.

The manipulator was customized to enable it to reach all points of
the 10' x T table. It consists of a standard manipulator with extended
horizontal travel mounted to a custom built overhead linear drive.
The overhead drive is driven by the eighth channel of robot
controller. Each of the eight joints is a different colour and students
use a !azy susa r:i h eight co.., espvndingly co!otired switches to
activate individual joints directly. In addition, a special control
interface was developed to allow single switch users to control the
robot and the train. The system is currently being used in direct
control mode in which the student selects, moves and stops joints on

the robot using single or multiple switches.

2.2 Lyndhurst Hospital, Toronto

The Research Department at the Lyndhurst Spinal Cord Centre,
purchased a Regenesis Robotic Appliance (RAA) in 1990.
Researchers Jacob Apkarian and Tom Nantais used this RAA in a
workstation environment. Their main interest was to compare the
effectiveness and user preference for controlling the robotic
appliance between a task command language, developed by them
at Lyndhurst, and direct joint control. They used the RAA with six
participants in a laboratory setting under the supervision of an
Occupational Therapist. The participants were quadriplegics with
spinal injuries ranging from C4 to C6. In all cases they used a
DragonDictate Voice input system for the user interface. In addition,
the RAA was placed in the home of two of the participants for two
weeks each, again under the supervision of an Occupational
Therapist. The home setting allowed for more flexibility by allowing
the participants the freedom to try new tasks of interest to them.

Their results indicated a preference by the users for the task
command language. Overall, the researchers felt that the major
shortcoming of this system, as revealed by these evaluations, was
the inability of the system to know the status of the operands in a
task (eg.position and orientation of an object in the gripper). They

plan to address this shortcoming in future research by utilizing video
photogrammetry which could provide this type of information to the

FAA control system.

2.3 IBM Special Needs Systems Group, Boca Raton, Florida

IBM is setting up Ken Glad, a University of Florida engineering
student, with equipment and software which help overcome
problems presented by the student's quadriplegia. The group
purchased a Regenesis FAA in September 1991 and are integrating
it into a home office in which Ken can complete homework
assignments. The robot will be integrated with IBM equipment and
software. This project is being carried out in conjunction with the
Department of Electrical Engineering of the University of Florida.

The manipulator is a standard 6 degree of freedom model with
horizontal travel extended to 11 B inches.

The tasks that the robot is anticipated to perform are fetching of
books, files and papers, turning pages and handling diskettes. Atthe
time of writing, Ken's needs were being assessed and the robot was
undergoing initial evaluation ir..the Communications Laboratory at
the university. Chuck Eubank, an electrical engineering student at
the university, is working with the robot and will be setting up the
workstation for Ken. Other tasks will be included as necessary.
IBM's involvement is being coordinated by Carol Esser, Project

Officer and Walt Nawrocki, Product Manager.

2.4 Neil Squire Foundation, Vancouver

2.4.1 AutomatedOffice Development

Recently the Neil Squire Foundation was funded by Labour Canada,
and received donations from IBM Canada and Herman- Miller
Canada, to develop an automated office workstation that could
address employment barriers for persons with severe physical
disabilities. This project involved integrating both the latest in
specialized technologies specifically designed for those with physical
disabilities and technologies available on the common market. This
included a 30,000 word voice recognition system, the Neil Squire
Foundation's robotic arm, the Georgia Tech motorized file
management system, morse code access to a computer, and an

optical character reader.

The goals of this project were; to establish a demonstration office for
employers to show that adults with severe physical disabilities can
participate as contributing members in the work force; to enable the
disabled workers to have efficient and integrated access to the
various office equipment and to related technical aids needed in the
operation of such equipment; and to demonstrate the office to
employers in the greater Vancouver area through a formal

presentation.

With all of the components in place an individual with a high spinal
injury, can independently access many commonly used office tools.
The user controls the computer using a voice recognition system and
sip and puff morse code. The computer controls the robotic arm, the
optical character reader, and the telephone. Files can be
manipulated, books can be retrieved, and pages can be turned by
the robotic arm, and facsimiles and phones calls can be made

independently.
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Currently, this demonstration office workstation is on a tour of public
venues in several cities across Canada,

2.4.2 Current Workplace Scenarios for Persons with Severe
Disabilities

At the time of writing we are just beginning an evaluation project on
the RAA in vocational workstation environments. The overall
objective is to demonstrate to workers who are severely disabled,
rehabilitation professionals, insurance agencies and health care
funders the potential effectiveness of a Robotic Assistive Appliance
(RAA) in real work environments. This will be achieved by
conducting evaluations to obtain qualitative and quantitative data
regarding benefit and cost issues for disabled persons using the
RAA in these work environments. By June of 1992 we will be mid-
way through the first phase of this evaluation project.

Currently, very few persons with severe disabilities are gainfully
employed. Typically, those who are working will have either an
attendant or a co- worker available to them at all times to help them
with work related tasks and personal needs. Usually, personal
needs can be handled at one or two specific times during the work
day (eg. lunch, coffee breaks) but work related assistance could be
required at any time. It is expected that a workstation based robotic
device can be used for work related task assistance and that the
need for assistance by another person can be limited to personal
tasks that could be scheduled at convenient times during the working
day.

This evaluation project will equip a workstation at the Vancouver site
of the Creative Employment Options program with a Regenesis
RAA. Adults with severe physical disabilities who want to be
involved in thework forca will be the target group for this study. Six
severely disabled workers will be selected to participate. Our
resulting sample of participants will be representative of the
population of potential RAA users in vocational applications. They
will be participants in the Neil Squire Foundation's Creative
Employment Options program and will become part of this study as
a component of their training in the employment program. Due to
practical limitations of resources and program size, the total number
of six participants will be made up of two groups of three (Phase I
and II). All six of the parficiparns will be involved in performing real
office oriented work in the framework of the Creative Employment
Options Program.

Each participant will be in a cycle where they spend one day with
the RAA and then two days without the RAA. Only during the job
specific time will the daily work experience be monitored. In the
condition without the RAA, only one day out of the two days will be
monitored. The monitoring of the daily work experience for both
Phase I and II will last for three months. During the work experience

sessions, the attendant will be available to assist the user at any
time. In the condition with the RAA, the users will be instructed and
hence expected to use the RAA but they will be free to ask for
attendant intervention if the users feel that it is required.

The following daily measurements will be taken during the work
experience sessions:

a) Number of times the RAA used.
b) When the RAA is used, what is it used for? For
example:

b.1) Files
b.2) Book retrieval
b.3) Page turning
b.4) Page retrieval from scanner or printer
b.5) Drinks

c) Number of attendant interventions (with RAA and
without RAA where applicable)

CA) due to failure of robot to perform task
leg. dropping filehotder, missing a
page turn, etc.) and participant unable
to correct by themselves

c.2) due to users preference (even though
the robot could perform the task)

C-3) length of time of each intervention
c.4) time since previous intervention

d) Time required to perform individual robot assisted tasks.

3.0 CONCLUSION

The research team at the Neil Squire Foundation has brought this
first generation RAA to the point where t can be used by ourselves
and other research oriented organizations to evaluate its usefulness
and to provide critical feedback. As we begin to collect feedback
from the various sites where the RAA is being used we will begin the
task of designing a second generation RAA. Based on the initial
feedback that is already available, we can see that although this
application of robotics still holds promise there are many challenges
(.not a!I techno!ogica!) to be overcome befora we vr!ll see robotic
assistive devices as a common and accepted tool for persons with
severe disabilities.
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AN EVALUATION OF THE MANUS WHEELCHAIR-MOUNTED MANIPULATOR

G.Verburg, M.Milner, S.Naumann, J.Bishop, O.Sas
The Hugh MacMillan Rehabilitation Centre (HMRC)

Toronto, Canada

Abstract

Seven adults and five children have used the
MANUS arm for assessment and training in  the
laboratory or in their independent living, working,
hospital or school environment. This two -year R &D
project resulted in the development of new data
gathering and analyses methods, the adaptation of
existing control interfaces and the development of a
retractable wheelchair mounting system. Question-
naires and observation scales were designed and
administered to each subject.

Introduction

The MANUS robotic arm is a wheelchair mounted
manipulator arm designed and developed by a Dutch
R &D Consortium [1] explicitly for use by persons
who have severe physical disabilities. Robotic
manipulator arms such as the MANUS offer the
potential to supplement Activities of Daily Living
(ADL) for persons with a variety of physical
impairments. Potential MANUS users typically have
limited control or strength of their arms and hands
which places many tasks of daily living beyond
their independent execution. In this research project,
the MANUS manipulator is being evaluated in
independent living, vocational, and school
environments.

Objectives of the MANUS study are to:

• evaluate the usefulness of an advanced model
of a wheelchair- mounted manipulator arm in
the home, school, and work environment;

• study how the arm is used by analyzing
specific activities of daily living such as
eating, pouring a drink or handling objects;

• identify potential enhancements to the user
interface through hardware or software
adaptations;

• analyze arm utilization in order to identify
common command sequences that will allow
the implementation of a degree of task
control in addition to direct control.

Technical developments

The original MANUS arm is controlled through a 4
x 4 keyboard or an analogue joystick. Several

command modes control different aspects of
manipulator operation e.g. arm position in 3D space,
gripper orientation, and gripper opening and closing.
Mode status is displayed on an LED display.

To perform the analyses of MANUS activities a data
collection and analysis system was designed and
constructed by HMRC staff that gathered
information about: (a) the commands given to the
arm; (b) the actions of the manipulator itself; and
(c) the objects acted upon. A video recording system
operated by a microcomputer device was designed
to collect all this information. The criteria for the
monitoring device were:

• command inputs to the arm to be sampled
every 40 msec. minimum while the arm is
being operated;

• events to be captured, timed, and stored for
later analysis;

• manipulator arm actions and command
signals to be recorded;

• synchronized video and command
information to be recorded to correlate task
activities with command strings.

The audio tracks on the stereo Hi8 video tape
provided a convenient media for storing the
command information captured while at the same
time synchronizing the command data and video
images. Mode information was encoded in the data
stream stored on the audio track. A more detailed
description of the hardware and software
developments can be found elsewhere in these
proceedings (Bishop et al).

Existing control input devices such as the Unicorn
expanded keyboard and Nintendo Hands -Free
Controller were adapted to the MANUS. In addition,
adaptations were made for joysticks of Invacare,
Everest and Jennings, Fortress, and Orthofab
wheelchairs for their users to  be able to control
either the wheelchair or MANUS.

Methodology

Subjects participating in this research ranged in age
from 11 to 50 years and had diagnoses of Duchenne
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muscular dystrophy, cerebral palsy, dystonia, spinal
cord injury and, congenital amputation. Training
occurred in the laboratory and at home. The actual
evaluation took place in the laboratory, at home, at
work, and in school environments.

Evaluation methods and tools included the Revised
Barthel Index and the Functional Assessment
Inventory [2] and the command and activity
monitoring system developed at the Centre.
Hardware and software were designed that enabled
data to be down - loaded from videotapes into the
computer and annotated. The annotations were also
stored in computer files. After merging the files it
was possible to analyze the numerical and character
information to obtain common command sequences
used for such acts as eating, moving the arm to a set
position, and rotating the gripper.

Results

This study has identified four categories of results:

• Case Historical: e.g. lists of activities,
positive features, problems, successes;

• Prescriptive: "Who are the best candidates
for this technology ? ";

• Tool development: e.g. evaluation tools,
methods, and protocols;

• Product improvements: suggestions for a
better device, and user interface adaptations.

In this paper results from the first two categories
only will be presented.

Case Historical: e.g. lists of feats, problem lists,
activities that persons want or do not want to
perform with the manipulator, reasons for success
and failure, and records of significant events.

As the evaluation of the MANUS manipulator arm
continued, the participants performed more complex
and more interesting activities with the MANUS
arm. Relatively common activities such as pouring,
drinking, eating, and picking up objects were
performed routinely. The feats presented below
were special to the user and to project staff:

• for the first time in 40 years, independently
take a bite of a sandwich;

• break an egg en route to making an omelette;
• peel a banana;
• operate a microwave;
• feed a butter tart to our welder;
• comb hair by drawing hair through comb;
• pull on a T -shirt;

• turn lights on/off;
• insert 5 1/4 inch diskette into a computer

disk drive and close the door;
• lift up Toronto telephone book (2.4 kg);
• paint a picture (in rather cubistic style);
• user took picture of himself with the

MANUS.

In the course of this study the problem list waxed
and waned as new problems were encountered and
older ones solved. The most recent problems
concerned the "soft touch' of the MANUS. Soft
touch refers to one of the built -in safety properties
of the MANUS which consists of a relatively low
clutch slip - level. Thus as soon as the arm or gripper
encounters an obstacle or must exert a large amount
of force the couplings are designed to slip, thereby
reducing the amount of force applied. This
"softening" of the mechanics of MANUS is intended
to reduce the likelihood that the arm will damage
the user, other persons or things in its envelope of
operation. However, the slipping clutches literally
allowed things to slip from the MANUS' clutches
(gripper) and caused the MANUS to not always be
able to generate sufficient force to perform essential
activities e.g. open the fridge door, open a bottle or
turn a door knob. For each of these activities we
have found "tools" or "tricks" to successfully
accomplish them with the MANUS through
enhancing leverage, friction or with the help of one-
handed assistive devices.

The trade -offs between safety and power or safety
and proximity are two of the basic paradoxes that
must be resolved in rehabilitation robotics. We must
have safety of operation yet the manipulator must be
sufficiently powerful to perform all required ADL
activities preferably without "tricks". Removing the
person or user from the manipulator's envelope of
operation would dramatically enhance the safety of
the manipulator system, but at the same time would
reduce its usefulness to near zero.

What do people want to do with the MANUS? One
of the questionnaires administered contained a list of
116 activities, distributed over 12 categories. All
subjects were asked to indicate which activities they
wanted or did not want to do with the MANUS arm.
Our analysis afforded a tabulation of desired
activities.

A preliminary listing of activities that were most
highly rated as acts that our participants wanted to
do follows:

The highest priority items were: fetching objects
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from shelves which includes picking up and placing
books, manuals, and sheets of paper. The next most
highly rated items were: operating a wall switch,
plugging in devices, and pouring liquids. Finally a
large group of actions that were chosen by half of
our subjects included: eating and drinking, making
coffee, opening a chocolate bar, brushing teeth,
washing and drying one's face, turning knobs, and
opening cupboards and doors, and playing board
games.

Preliminary urescrintive information about
prospective users; "Who are the best candidates for
this technology?';

Information has been collected about the decisions
to accept or not to accept this manipulator
technology. The primary decision was based on the
trade -off between benefits and efforts, i.e. the choice
between what the arm was able to do for the user
and how much time, effort, and inconvenience it
cost to do it as opposed to, for example, asking
someone else for assistance. As an initial attempt at
quantifying this demarcation line it may be possible
to use the scores on one of the standard instruments
i.e. the Revised Barthel Index. Specifically, the
persons who stated that they could benefit most
from this technology had a Revised Barthel score of
less than 40, indicating severe physical impairment.

Practical limitations such as accessibility issues, e.g.
door widths, or control input options were important
considerations which prevented some of the
potential users to accept the manipulator technology
on their chair and/or in their homes. It is expected
that this study will begin to delineate some of the
issues that are relevant for prescription decisions
and criteria.

Future Plans/Needs: Three Paradoxes

As indicated already potential paradoxes exist
around the safety and usefulness of this technology.
There are other equally challenging paradoxes. The
one that our colleagues from Lyndhurst hospital [3]
stress is the paradox of versatility of the manipulator
and the complexity of control. The more a
manipulator can do the more complex its control
commands or the more extensive its command menu
become. The challenge posed by this paradox is to
attain a reduction of the control burden, either
through an increase in the robot's "knowledge of the
world" or through allocating some intelligence to the
world itself.

perceptions and expectations. In our study we found
a big difference between explicitly stated
expectations, which we found to be fairly realistic,
and a different - more subconscious - stratum of
wishful thinking which is based on the kind of
robots which only Hollywood can produce at the
moment. In this battle between the wishful and the
real it is often the wishful that determines the course
of action followed. Against these "Hollywood odds"
rehabilitation robotics must deliver real, practical
applications, slower, less clever, less dextrous, less
glamorous, but real and, if we succeed, really
useful.
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ABSTRACT

The Palo Alto VA and Stanford Univers ity have co-
sponsored rehabilitation robotics s ince 1979. The
primary focus has been on the design of voice -
controlled worksta tions  for people who have high -
level spinal cord injuries. The tasks range from
daily - living and recreation to vocational support.
The users  in our clinical studies have been VA in-
patients of all backgrounds; for our vocational
studies a number of veterans working in computer -
related fields have served as test subjects.

BACKGROUND

In 1979, the Rehabilitation Robotics Program at the
Palo Alto VA and Stanford University began work
on a voice - controlled manipulator system for
individuals with severe physical disabilities such as
quadriplegia caused by spinal cord injury. Our
vis ion in the intervening years has  not changed.
Initia lly, the project was severely constrained by
the lack of re liable, high- quality technology. Real -
time operating sys tems , voice  input and output
systems, microprocessor -based computers, and
appropriate ly scaled robot manipulators  were just
breaking into the consumer and industria l markets.
Until 1987, our project performed clinical studies
exclusively in- house, largely due to the
experimental nature  of the  robot sys tem [1].

In 1987, the initia l robot system, based on 8 -bit
microprocessors  and rudimentary user interface
components , was replaced by a  new generation of
technology. Software  development tools  and
personal computers  made it poss ible  to provide a
color display, digitized speech output, phone line
handling, and robust voice recognition in a reliable
package. Coupled with an upgraded robot, the
PUMA -260, the system is capable of performing
desktop tasks reliably, quickly, and safely. It  has
evolved over the past years  and exis ts today as the
Desktop Vocational Assistant Robot: DeVAR [2].

During the  early years, we placed a great
importance on User - Centered Design: clos ing the
design loop around the end -users of robot sys tems.
Through workshops, seminars, interviews  and
exposure to our prototypes , individuals with
quadriplegia , as well as their attendants and
families, provided first -hand descriptions of needs
for daily - living and vocational support, and

provided the basis  for task choice and design
decisions. This approach has  consis tently been
very important for our program.

Equally important was the conviction that a
rehabilitation robotics  team had to consist  of
engineers  and c linic ians in an environment as dose
to a target population as  poss ible. While  the
development work proceeded a t Stanford
University in the Department of Mechanical
Engineering, clinical development and evaluation
was based at the Palo Alto VA, In the Rehabilitation
R &D Center and at the 80 -bed Spinal Cord Injury
Center itself. This arrangement facili ta ted and
fostered contact, communication, and access
between a ll  involved.

Between 1987 and 1989, after the  rework of the
robot sys tem, we performed clinical studies to
verify that the tasks and interface design concepts
met with users' expectations for a  robot assis tant
[3], and to build on their feedback.

By 1989, we started field studies in real -life
vocational se ttings, and have gained valuable
additional data from these  long -term ins talla tions
on robot task and interface design [4, 5].

In 1991, the Palo Alto VA Rehabilitation R &D
Center transferred DeVAR technology to a  small
company. The VA Rehabilita tion Evaluation Unit
has  purchased two sys tems to perform formal
clinical testing of DeVAR at VA Spinal Cord Injury
Centers  during 1992.

Our robotics program began a 3 -year development
project in 1991 to focus on the  vocational tra ining
needs for individuals  whose quadriplegia makes
access ing conventional learning materia ls an
impossibility. By concentrating on developing a
unified software  environment and a complete
support environment for vocational and daily -
living needs, people with phys ical disabilit ies can
access the  vocational materia ls effectively and
compete  equally in the  computer -based job market.

OBJECTIVES

Function: Rehabilitation robot systems have as
their primary goal the  return of los t function for
people  with physically disabilities. Handicaps
result  from having no means or inadequate means
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of performing tasks no longer access ible. DeVAR
replaces  function, not anatomy, by providing its
user with a general - purpose, mechanical,
programmable  servant. Other robots  such as Manus
take a different approach: they can be seen more
as physical extensions of the  user [6).

Tasks: DeVAR!s design gives it a large repertoire of
well- defined tasks  in a workstation environment.
The tasks involve objects up to 1 kg, and less  than
100 mm in a t least one dimens ion. Equipment i t
can operate  mus t have knobs  and handles  of good
ergonomic des ign. Some tasks require special
fixtures, such as holders for Styrofoam cups or racks
to hold spoons  with medication. In general,
normal office  and home equipment, objects and
actions can be accommodated.

Task ProgTammine: A robot programmer must set
up tasks on DeVAR prior to their use. The
rela tionships  between interface  aspects  (voice
messages, prompts, warnings), robot programming
(tight tolerances, way - points , exception handling,
singularities  in the  kinematics) and the  task
environment (objects , fixtures , e lectrical connec-
tions) make such an endeavor a  major undertaking.
More importantly, users  have expressed that they
do not want to become robot programmers ; they
just want to use  the machine. It  is  much more
important to them that the  sys tem operate  re liably
than that they be able to add a  task.

Inde pe nde nc e: The set of robot tasks must be  able
to mak e the  user i ndepe ndent of a tt endant  help
for an extended period of t ime. If this  can not be
assured, then there  is no practical advantage to
us ing a  robot, since  an a ttendant will  need to be
available in case  of malfunction or for non-
robotfzed tasks [7]. More importantly, the commer-
cia l success  of a robot sys tem depends on being
able  to replace  a ttendant care  for two to four hour
periods. Any R &D project needs to take such real -
world forces into account.

User Profile: The target population for DeVAR
cons ists  of individuals with quadriplegia resulting
from level -C6 or higher spinal -cord injury, with no
head -injury involvement [8]. The need for a well -
defined target population allows the  firs t  genera-
tion of machines  to have as  homogeneous  a user
group as  possible. The interface  and robot require-
ments  for users with other conditions  are very
different. At this  point, i t  is neither des irable nor
technologically feasible to make a safe DeVAR -
derivative robot sys tem for operators  with cogni-
tive , communicative  or certa in motor impairments .

Project Goal: To make an effective  design, you
have to know your user. We have concentra ted on
making the  robot operator our 'user' . In the R &D
phase, that is  mos t important. But there  are  other
users. Administrators and health care

reimbursement agencies  are users of technology as
well. They use it to reduce cos ts and /or improve
health care. As systems such as DeVAR enter the
marketplace , these users mus t see  the value of
their inves tment. Ease  of use  (for them!),
reliability, mainta inability, and cus tomizability
acquire new hues .

APPROACH

The Setting: The primary application of DeVAR is
to support the  manipulation and environmental
control needs of a  person with quadriplegia. The
focus Is on the vocational se tting. The primary
incentive  is  to support people  who wish to pursue
a career, but who cannot do so due to a disability.
The goal is to provide independence and privacy
by replacing attendant care in the  workplace for
extended periods of time. The a ttendant -provides
set -up, lunch, and evening care, but is otherwise
absent. The goal of robot care is  to provide an
island of Independence during a  phase of daily life
that is most eas ily aided by automation: the
vocational desktop setting.

Role  of Attendant Care: A reason for concentrating
on the  work setting is  the  unequivocal need for
attendant care in the  home. It is more difficult  to
justify a DeVAR -type robot in a home setting due
to the  natural lack of s tructure, the need to
perform tasks in a space much larger and more
varied than a works tation, the  need to rely on
attendant /family care for many feeding, dressing,
and tolle ting tasks , and the natural companionship
of family.

Effectiveness: To ascertain the appropriateness of
prescribing a robot system, any potential client
receives a  preliminary workplace task assessment
[8]. An analysis of the tasks  then shows whether
the robot will be  able  to attend to all  of the on -call
vocational and daily - living needs [9]. All tasks that
cannot be  robotized must be  solved in another
way. Either the  task mus t be done by the
attendant during set -up phases, or other office
workers mus t be able to perform the necessary on-
call  functions. If the task assessment does  not lead
to a satisfactory solution, then the decision to
Insta ll a  robot must be reviewed.

Relationship between User and Robot: The DeVAR
system is not considered a  prosthes is. Rather, the
user considers i t a mechanical attendant. The user
has  a  very different re la tionship with DeVAR than
with a robot such as Manus [6]. DeVAR is primarily
commanded (by voice); Manus  is  controlled
(typically by joys tick and buttons), and is therefore
much more appropriate for unstructured tasks.
Manus, mounted on the  wheelchair, goes  where
the user does. DeVAR, since it is customized to a
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setting and a task se t, is more efficient for the
works tation environment. The type of tasks a user
needs  to do determines  which robot geometry and
interface are most suitable.

DISCUSSION AND FUTURE

Workstations  such as DeVAR have the advantage of
a structured, well - defined domain. Current
technology makes robot -based solutions satisfactory
from a human perspective, in terms of re liability,
speed, ease of use, etc. In larger and unstructured
domains, however, much more built -in sensing and
computing power are needed to make the sys tems
function reliably and safely. This is not available,
even piecemeal, outside of the R &D labs today.

Projecting further into the future , i t will  require
even more computer power, research time, and
des igner ingenuity to solve the  problem of user
access  to such complex machines. Without an
appropriate user interface , only robot programmers
will be able to enjoy such robots. It will certainly
not be the people whose only goal, vis - & -vis the
robot, is  to use it to perform tasks  that mus t be
done in the normal course of a  day. It is a  daunting
endeavor.

But the  future  of te lerobotics, of which
rehabilitation robotics is a small branch for the time
being, has much mains tream promise in the coming
decades, and people with disabilit ies will be among
Its major beneficiaries.
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MASTER TECHNICAL EVALUATION IN REHABILITATION CENTERS

Jean-Marie Detrichd & Bernard Lesigne
French Atomic Energy Commission / DTA/Robotic Unit

Fontenay -aux- Roses, France

ABSTRACT

This paper presents the results of the technical aspects
of the evaluation and theoptimizadon process engaged
following the remarks, criticisms and advices coming
from the occupational therapists and the users of the
MASTER robotized system developed by the French
Atomic Energy Commission (CEA).

BACKGROUND

The MASTER robotized system is a technical aid for
helping the seriously disabled of the upper limbs to
manipulate objects, including an environmental control
system. Several papers have been already published
about MASTER (1) (2) (3) (4) (5) and its application
within a workstation (6).
Since the begining of 1991, three prototypes of
MASTER have been evaluated in the french
rehabilitation centers of KERPAPE (Lorient, referred
`:KE "), , LAY ST CY.RISTOPHE (Nancy, referred
"LS ") and L'HOSPITALET (Montoire- sur- le -Loir,
referred "HO ") . This experience over a period of one
yearwas supervised by INSERM' in cooperation with
CTNERHI2 . It has allowed to test to what extent the
system is adequate in performing the tasks which were
selected for their generic aspect. It has also contributed
to evaluate the psycho - sociological impact of such a
technical aid on the disabled consumers.

OBJECTIVE

Two weeks of training to configure, to program and to
use the system were assured in the CEA laboratory for
the personel of the rehabilitation centers.
The three experimentation sites mentionned
beforehand have been selected because they had a
suitable technical infrastructure able to easily
communicate with the CEA team and because their
disabled patients, although similar as concerns their
deficiency , implicated different situations.

INSERM : Institut National de la Santa et de la
Recherche Medicale
ZCTNRHI : Centre Technique Nationale de Recherche
sur le handicap et les Inadaptations

Indeed, it was essential to ensure the success of the
evaluation of such an innovating technical aid like
MASTER to cover, as much as possible, a wide range
of applications in real situation, from the daily
training in a classical occupational therapy department
until thehome situation. It is the reason why different
philosophy were adopted depending on the site, but in
any case the users had vountarily accept to participate
to this experimentation .So, in some cases the
experimentation was conducted during a period
spent at the hospital with frequent runs ; the robot
being installed in an electronic laboratory (KE) or
occupational department (LS) or in the own bedroom
for a defined period (HO) .

We shall point out that during or after the
experimentation duration some modifications of
situation have been done, for example the robot of
KE, initially installed in the electronic laboratory has
been mounted on a mobile structure and moved in
different bedrooms, the robot of HO is now in the
public cafeteria of the center, the robot of LS will be
transferred at home .

METHODOLOGY

In each site the fundamental following rules were
applied:
- to get a global view of the user's reaction by
analyzing their wishes and needs;
- to develop the tasks the users want to be performed
in knowing, so far, the limits of the system;
- to test and adapt the user interfaces as regards the
nature of the handicap;
- to study the psyco- sociological impact of such
sophisticated technical aid in function of the sex, the
age, the profession, the time when the handicap
occured,etc.; this was realized in answering a
questionnaire which was identical for each site and
computerized afterwards.

Evaluationprotocole : Whereas a great autonomy
was left to each responsible, a common protocole
was adopted as follows:
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- To present the whole system;
- To try the different user interfaces depending of the
user's handicap;
- To show the different automatic tasks;
- To show the functioning in direct mode.
The training time was variable depending on the
availability of the patients sometimes half a day ,
sometimes a week, the mean time being 12 hours.

Population characteristics : Generally, the studied
cases mainly concerned the functional quadriplegia:
spinal injured with high level and muscular distrophy
patients. Forthe cerebral palsy individuals, it has been
frequently necessary to give a personal touch to the
userinterface. Some arthrogriposis and S.E. P. patients
have also participated to this experimentation.
A majority of men have participated to these
evaluations, they are generally young , the level of
study is variable, they live now at home, their handicap
is not recent and their residual motricity is quite
limited. They use an electronic wheelchair and demand
that the user interface used to command the robot was
compatible with it.

Tasks realized: In the three sites, the following tasks
have been tested and validated: DRINK, PHONE and
AUDIO/ VIDEO. They employ automatic programs
written with the MASTER language and for the two
last they make a call to the direct mode and the
environmental control system. In addition, many
programs have been written by the occupational
therapists, bringing a typewriter, fetching a board,
,turning pages of a magazine, eating,smoking,playing
othello and chess, toilet: shaving,washing,wiping,etc..

Wanted improvements : All users want some
improvements in the man- machine dialogue and
chiefly a more efficient speech recognition unit, a
digital voice to confirm orders, a cordless link between
the robot and the user. The arrangement of robot
within the workstation need further upgrades and it is
wished that the robot was installed on a mobile base.

DESIGN CONCEPT

Taking into consideration all comments and criticisms
hereabove the CEA started at the begining of 1992
the study and development of a new version of the
MASTER system still always limited to a fixed
manipulator.

Considering the architecture of the system, we are
undertaking the control of the whole functionalities
of the system from a personal computer. Thus, the
robot controller, the environmental control system,
the man- machine interface and the office softwares
daily employed by the disabled persons are designed
in an integral way. This permits the integration of
computized office work in the system. The
cumbersomeness, the number ofconnecting interfaces
is obviously reduced, thus increasing the reliability
of the system. The use of standard commercially
available hardware give rise, so far, to a reduction of
the final cost.
Taking into consideration the priority access to some
functions, as alarm, telephone... the environmental
control system becomes the basic unit of the system,
the manipulatorremaining a sophisticated peripheral,
the man - machine communication will be easier to
use thanks to a new pictographic presentation on a
larger video display and a more efficient speech
recognition unit. To realize automatic tasks two
programming levels will be available: a user - friendly
task oriented language accessible to non - specialist
users, linked with a data base describing the objects
to be manipulated by the robot within the workstation,
and an off -line programming language for more
complex tasks. This will allow to create more
interactive programs and make easier the use of the
complete robotized system with a better safety.
This improvements will be evaluated on an office
workstation at the end of 1992, at the home of a
CEA's tetraplegic engineer.
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Research in Interactive  Robotics
in the Cambridge Univers ity Department of Engineering

R D Jac kso n, R M Maho ney and  J L Dallaway,
Camb rid ge Univers ity Dep artment o f Engineering,

G Dargie,  P ap wo rth Gro up,  Cambrid ge

1. Introd uc tion

Researc h at  Camb rid ge into  interactive ro bo tic s
for app licatio ns in rehabilitat ion has  co ncentrated
on the development of the task -level pro gramming
language CURL and certain aspects of the human -
computer interface. The res earc h pro gramme has
been suppo rted  by extens ive us er trials whic h fall
under two main head ings ; ed ucatio nal tas ks  and
vocational tasks.  The user trials to date have made
use of the RTX robot, but a current project
includes the develop ment o f  a special- purpose
robot for a range of inspection tasks within
industry.

The interfac e to  CURL is  d is c us s ed  later in this
paper. The next s ec tio ns outline the tasks which
us ers  have been ab le to  c arry o ut using a rob o t
system. The activities covered by the research
pro gramme started with classroom -based
ed ucatio nal tas ks and  then mo ved  to  vo c ational
activities. The vocational activities have been
concerned with inspection tasks within light
assembly and the electronics industry.

2.  Activities  and their user gro up s

2.1 Educatio nal ac tivit ies

This research pro gramme [1] was aimed
spec ific ally at providing assistance in the
develo pmental ed uc atio n of physic ally disabled
children. The p rogramme was carried o ut with the
Barnardos New Mossford School in North London
between ab out 1986 and 1989. T he c hild ren who
used the rob ot were wheelchair users  and mainly
lacked the manual d exterity to manipulate objects.
Many had also suffered some degree of b rain
damage. The children ranged in age from 3 to 18.

The main activities for which robot - assisted
schemes were devised were:

Early developmental ed ucation activit ies
Interac tive game p lay
Painting
Interactive c hemistry exp eriments
Elementary c ooking
Robot- assisted feeding

In p lanning the tasks  the ro le o f the teac her was
regarded as essential. The teacher sets up the
activity, with the robo t ac tions p rogrammed us ing
CURL. It  s ho uld  b e no ted  that  CURL has  b een
designed to be accessible at the programming
level to people who are not expert  computer users.

The teac her als o ac ts  as  sup ervis or d uring the
activity, as in most classroom activities.

2.2 Voc ational ass ess ment activities

An assessment procedure is important when
introducing a robot system to a particular disabled
individ ual and there must exist some formal
metho d for measuring a perso n's ability to use the
robot effectively.

Within the res earc h programme as sess ment has
been largely the res po ns ib ility o f the Pap worth
Group. The Group is collab orating with the
Camb rid ge Engineering Dep artment in a p rojec t
sup p o rted  by the ACME Direc to rate o f the UK
Sc ience and  Engineering Res earc h Counc il [2i.
The Papworth Group contains vocational
placement specialists who are concerned with
asses sment and placement of p eople with phys ical
disabilities.

The init ial assessment task used one of the
VALPAR Tri -level Measurement Worksamples.
This  wo rks amp le meas ures  a p ers ons  ability to
perform precis e inspection and meas urement tasks
and to make dec isions based on certain criteria. In
its basic form it requires visual acuity,
dis crimination, decision - making, forward reach
and hand -eye coordination. A robot - assisted
versio n o f the worksample has been s et up which
allows a disabled person to inspect the
wo rkpiec es,  make the ap prop riate d ec is ions and
instruct a robot to carry out the required
manipulation.

The VALPAR task d o es  no t o ffer a means o f
providing a stand ard test for assessing user -robot
interactio n.  A seco nd  as sess ment s ystem is no w
being d eveloped at  P ap worth and  has been given
the acronym IRQAT [3] (Interactive Robot
Quantitat ive Assessment T est). Its  main purpose is
to  p ro vide a measure o f an individual's  ability to
co ntro l a ro bo t whils t p erforming a generic tas k
using a range of control approaches. It consists of
a s et  o f p egs  whic h have  to  b e mo ved  o ve r a
barrier and placed in holes in a rack.

The IRQAT will use the full features of the
current version of CURL, inc luding the log
fac ility to rec ord  time taken and  co mmands  us ed.
IRQAT  us es  a numb er o f levels  o f interac tio n.
The firs t level is purely pas sive as  far as  the us er
is concerned.  Whilst the robot is doing the task on
this  automated level,  the us er is being ins truc ted
as  to  the func tio ns the ro b ot is  perfo rming.  The
instructio ns  will be in the form o f  a standard
script . T his  s tage gives the us er an understanding
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o f the ta s k  a nd  a view o f the mo tio ns  it  c an
perform.  It  als o allows the b as e t ime fo r the tas k
to be established.

On the s ec ond level,  the user is  given acc es s to  a
Proc ed ure Selectio n Menu which o ffers a numb er
of p ro c ed ures to  c o mp lete the tas k.  The time the
user takes to do this is stored.

On the third  level,  the us er is  given ac c es s  to  a
Co mmand  S elec tion Menu fro m which a numb er
o f  lo wer level procedures can be selected to
complete the tas k.

On the fo urth trial,  the us er is given acc es s  to  a
Direct  Drive Menu whic h allows direct  c ontrol o f
the ro b ot ' s  mo vements .  T he t ime for this  is  als o
taken.

The initial aim is to  as sess  a gro up  o f emp loyees
of the Pap worth Group, each with a different level
of mo to r d ys func tio n. They will co mp lete the
vario us  levels  o f the tas k and  attemp t d ifferent
co ntro l app roac hes . T he res ults will b e analysed
and a norm group will be estab lished fo r the future
compariso n of p eop le using the system. The lo ng
term aim is  to  be ab le to  inc lud e the IRQAT  as
part of a standard vocational assessment as
alread y performed at the Assessment and
Develo p ment Centre of Papwo rth. People
identified as  having app ro priate reas oning ab ility,
plus  limited  moto r s kills ,  will b e as s es s ed as  to
their ab ility to use a generic interactive robot
enviro nment.

2 3 Workshop a ctivities

The c ho ic e o f an insp ec tion task as mo st suitab le
for the initial implementation of a vocational
workstation was mad e following detailed
co ns ideratio n o f the o pp o rtunities  fo r interactive
ro b otics  within manufac turing ind ustry [4].  The
key to success in the choice of task is the
identification of an ac tivity in which the
introd uc tio n of interac tive ro bo tic method s can
imp ro ve the overall production process. The
following criteria for tas k selection are pro posed:

-T he chosen task must be within the
manufac turing industry and require human
dec ision making and  modest  manual dexterity.
-T he task mus t have a high d ec is io n- making to

manipulatio n requirement.
-The s emi- auto matio n o f the tas k mus t p rovide a

benefit to the target  ind ustries.
-T he introd uction of auto mation will not

eliminate the need  for human d ecisio n - making.

-T he d is abled individual should be ab le to
interact  with the ro bot in o rder to perform the task
with minimal as sistanc e fro m fello w emp loyees.
-T he intro duc tio n o f the ro b ot hard ware s hould

involve minimum disturbance to the exis t ing
industrial practice and plant set -up.

A workstation which satis fies these criteria is
under develop ment in a collabo rative exercise
involving Cambridge, the Papworth Gro up and
Graseby Microsystems. It is intended for the
visual ins pec tio n o f hybrid microcircuits , and has
been given the acronym IRVIS  (Interac tive rob ot
vis ual insp ec tion s ys tem).  Its  main co mp onent is
an interactive camera manip ulation and circ uit
hand ling system. IRVIS will be designed to
pro vid e ad d it io nal functio nality so  that  the us er
can c arry o ut all as p ec ts  o f the tas k o f vis ual
inspection:

- Automated mo vement of micro circ uits during
inspection.
- Automated control of camera inspection
eq uipment.
- Computer -based document storage and retrieval.
- Computer -based access to pictures and diagrams
for reference.
- Document preparation and updating.

3.  Human- c omp uter interfac e

The initial versions of CURL, which were
develop ed  fo r the ed uc ational ac tivities ,  o perate
under MSDOS [5]. Where necessary, they use
sc reen text  dis play as feed bac k to the us er.  The
us er input method  was  usually cho s en to b e the
same as  that us ed  b y the c hildren for ac c es s  to
other aid s within the classroom. Input devices
ranging fro m a single s witc h to  a full keyb o ard
were used.

Many of the tasks us ed  a so und promp t from the
co mp uter and  no feed back fro m a visual d is play.
In this  way they o ffered  mo re d irec t  interac tio n
between ro bo t and  user.  F or example,  in a bloc k
colour matching test the robo t picks  up a c oloured
blo ck and  hold s it o ver a bin while pro mp ting the
user. The user can accept or reject the robot's offer
to drop the block into the bin.

All task pro ced ures p rogrammed in CURL are
acces sible via the co mp uter d is p lay using two
ind ep end ent b inary inp uts ,  o ne to s c an and  the
seco nd to select . In general,  the ed ucatio nal tasks
were devised so that they did not ret]tiirb the direct
drive mode within CURL and proportional
analo gue input was not needed.

The full func tio nality of CURL requires the
equivalent of a two  - d imens ional joystic k and  two
switches. The current MSDOS version of the
pro gram allows  the us e o f a s tandard commercial
joystick, connected via the games p ort, with menu
op tions  s pecific  to the joys tick d isp layed  o n the
computer sc reen.  It  is  anticipated that mos t users
of interac tive ro bo tic s  within ind ustry will us e a
wheelchair for mob ility and a joystick or
eq uivalent is  envis aged as the main means  o f
inp ut fo r the interac tive wo rks tation no w b eing
develop ed.
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Some tests have been carried out using voice
input. Voice inp ut has the ad vantage that it offers
a direct method for accessing computers for
peop le unable to  use a normal keyboard. The user
is  ab le to  main tain his  o r he r at ten tio n o n the
ac tivity rather than the interfac e devic e.  T he us e
of s peec h feed back again remo ves  a source of
distraction between user and robot.

A vers io n o f CURL which operates under the
Windo ws enviro nment is in preparation. This
version should offer considerable improvements in
the human- co mputer interface. It is p roposed that
each functional component of CURL sho uld  exist
in a s ep arate wind o w.  Any c o mb inatio n o f the
CURL functions may therefore be viewed and
accessed at the same time. The use of the
Windows Visual Keybo ard  (WiViK) will facilitate
access to CURL and other programs running
under Windo ws for non - keyb oard  us ers.  WiViK

provides keybo ard emulation when the user clicks
on the'keys'  us ing a mous e or mouse emulator.

4.  Current res earc h

As describ ed in the previous s ectio n, wo rk on the
po rting o f the CURL pro gram to the Wind ows
enviro nment is now in progress. Access to
Windo ws b y p eo p le with p hys ic al d is ability has
recently been improved through b oth software and
hardware develop ments. Examples are the
keyboard emulato r controlled by mouse
eq uivalents  bas ed  on trackerb alls  and joys tic ks .
Ano ther ad vantage o f the mo ve to  Wind o ws  is
that access to CURL can be provided in a standard
fo rm for ap p lic atio ns in whic h the c o ntrol o f a
ro b o tic  d evic e fo rms  o nly p art  o f the functions
implemented on the c ontro lling comp uter.

CURL was designed to facilitate the rapid
interfac ing o f new d evic es . Ho wever,  the o nly
ro b o t d rivers  currently imp lemented  are fo r the
U M RT series robot arms. An interfac ing
specification is  und er d evelo p ment to  fo rmalis e

the c ommunic ation requirements  b etween CURL
and  a generic  device.  T his  s pec ific atio n s ho uld
pro vide a framewo rk fo r the develo pment of new
CURL devic e drivers  within the Windows  vers ion.

The use of sensors and the incorporation of
feedb ack from s ensors within the co ntrol loop  are
also under ac tive consideration. The feedback may
be us ed  to augment the op erator 's  und erstanding
of the enviro nment o r to mod ify the informatio n
in the CURL database of objects.  Some wo rk is in
progress on a comp uter vision system which
extends  earlier wo rk [1] o n the use o f markers to
identify objects to be picked up by the robot.

5. Conc lusions

The res earch p rogramme in rehabilitation ro botics
at Cambridge has included a numb er of user trials
at  the Barnard o s  New Mo s sfo rd S c ho o l and  the
Papworth Gro up .  T he  wo rk with the Pap wo rth
Group has  led to  a new app roach to  q uantitat ive
as ses sment o f the way in which a us er c an us e a
robot system to carry out c ertain manipulative
tasks.

A collabo rative pro gramme with the Papworth
Group and Graseby Microsystems has as its
objective the d evelop ment o f a wo rks tation which
will enable a person with severe disability to
undertake an ins pectio n task within a prod uc tion

process.
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WORKPLACES WITH ROBOTS FOR PEOPLE WITH PHYSICAL DISABILITY
AN EXPERIMENT

Willem van Dort
Institute for Rehabilitation Research (IRV), Hoensbroek

The Netherlands

Introduction

Jobs for poeple with motor handicaps are very
scarce. Persons with a reasonable education and
work experience have the best opportunities to keep
their job or to find a new job, specially when they
acquired a disability as a result of an accident. But
it is very difficult for them too. The Dutch
Government announced in 1988 regulations to force
the industry to employ handicapped people. The
industry does not like to employ handicapped people
since their production can be substantially lower and
is thus more costly than that of non - handicapped
workers.

In spite of the progressive character of these
regulations, the Dutch Government was not able to
supply the industry with guidelines for the kind of
workplace, type of work, tools etc., simply due to
lack of information about this subject. Workstations
with vocational robotic arms designed for specific
persons and for specific tasks have shown that small
size robotic arms can help people to perform a task.
However, the experiences with these workstations,
although all being very positive, are such that they
cannot be used as general guidelines.

It is from this background and under the assumption
that in metal and electronic industries small and
medium size robotic manipulators will be used on a
large scale for the assembly of parts and the
fabrication of components that this experiment in a
sheltered workshop was carried out

Statement of Problem

In general, performing a task requiring motor skills,
a worker with a motor handicap will need some
assistive tools and will develop specific strategies to
compensate for limitations of his/her motor
functions. Under the assumption that a multi-
functional robotic arm can be used as an assistive
tool to the worker, a task can be divided into sub -
tasks in such a way that the worker can perform
some sub -tasks and the robotic arm can do the
remaining sub -tasks. The activities of the robotic
arm can vary from passing tools and components to
the worker, to a fully automated tool requiring no
human intervention. The worker can also act as a
supervisor or can index the robotic arm.

The primary goal of this experiment was to identify
a method that allows for an objective division of a
task into sub -tasks to be performed by the worker
with limited arm and/or hand functions, and into
sub -tasks for the robot. Other objectives were to
demonstrate the method with a real industrial task in
a real production environment and to identify
guidelines for the human interface with the robot.

To create a job, economical and social aspects have
to be taken into account. These aspects will not be
considered, in spite of the fact that a job cannot be
done if e.g. no transportation is available.

Method

Since the potential group of workers are people with
limited or no motor function, a description of a task
in terms of sensori-motor activities of a human
being is required. Traditional methods for task
analysis cannot be used, since they are mainly based
on performance, thus measuring experience; such as,
how fast can a person drill holes or put components
together.

A comparison of the sensori-motor activities
required by the actual task with those of the worker,
identifies basically the task activities the worker can
perform and consequently also the sub -tasks for the
robot.

The Method Time Measurement (MTM) is a method
for analyzing tasks based on the fact that a task is
actually a sequence of elementary motions of the
human being performing that task. For example to
grasp a pencil from the table, one has first to reach
for it, then grasp the pencil, lift it, and finally to
reposition the hand to the desired position: four
elementary motions. MTM distinguishes 20
elementary motions.

Another characteristic of MTM is that, weighted by
the difficulty of the motion, each elementary motion
has been given an amount of time, the normalized
execution time. The nominal execution time for a
given task can be calculated by simply adding the
individual normalized execution times of all
identified elementary motions.

614 RESNA International  '92 • June 6 -11, 1992



MTM allows also for a number of other aspects

The individuals performance, related to
his/her own work method, can be calculated
by comparing the measured task time
with the nominal execution time;
MTM allows to identify the strategy for
compensation for limited motor functions
by comparing the MTM analysis of a
task performed by a worker with limited
motor functions with that of the same
task done by an able - bodied person.

Since the method is based on elementary
movements, it can be used for the analysis of any
task performed by anybody including robots. This
may result into some guidelines for the human
interface and the control program for the robot and
the calculation of the robot performance.

The execution of a complete task is a combination
of human and of robotic activities. Synchronization
is

therefore very important. Guidelines for
synchronization can be found in the MTM analysis.

The MAST test can be used for the assessment of
the worker, the inventory of motor functions. This
assessment test is based on MTM and tests each
elementary movement and combinations of motions
in an increasing order of difficulty. The result of the
assessment shows which motor functions are
available and what type of job activity the
individual can do best, e.g. surface mounting.

The Purdue Pegboard Test or the Minnesota Manual
Dexterity Test, used for therapeutic purposes, are
not capable of analyzing the person's motor function
in sufficient detail.

The experiment was carried out in a sheltered
workshop. This is an ideal situation because:

• the work environment of the workshop is
adapted and accessible for handicapped
people; and not only for motorically
handicapped persons;

• the staff is well trained and familiar with
workers with disabilities;

• most of the workers have disabilities;
• it is a real production environment with

real tasks which are subjected to quality
and production standards;

• to isolate the test results from "noise ".

The experiment was an assembly task where
mounting clamps for central heating water supply

pipes were assembled by a worker who was
functionally one -handed and had limited motor
function. These clamps are regular products ordered
by clients who have alternative suppliers. This
assembly task could be done by the worker,
however with difficulties. This allowed the
identification of a strategy for compensation. The
robotic arm used was a UMI -RTX.

It should be taken into account that manual work
can be a form of training, of physical therapy. For
example persons with atrophy have to keep their
muscles going to prevent loss of their use. It was for
this reason that it was decided to let the robot give
only the minimal assistance during the experiment.

Handicapped people are more vulnerable than able -
bodied persons in the case of calamities. Using a
robot as an assistive tool requires people to be
within or very close to the robots envelop of
movement. Therefore, this aspect is very important
within the process of decision for the actual task
decomposition.

Results

Without going into details, the most significant
results will be presented. The experiment showed
that the MTM for task analysis and the MAST for
the assessment are valuable instruments to indicate
where and when robotic assistance is required. A
negative aspect is that both methods require trained
analysts.

For the actual division of a task into sub -tasks
aspects such as safety, medical or therapeutic
reasons have to be taken into account.

The fast check should be this one: can the robot
perform its share of the task. For example, it can be
too complex or there is no physical space for the
robot to move its arm, etc.

With the MTM method it could be shown that a
robot can be a useful assistive tool. An increase of
production of more than 10 percent was realized by
the test person, although this was not foreseen and
was not a goal of this experiment.

With respect to the user interface, it was found that
object oriented control, where the user interacts with
the robot instead of with the computer, was the best
strategy in this environment. We also found that the
input device should fit in the work environment and
that it should also be adapted to the workers
capabilities. Therefore a single switch was used
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instead of a keyboard.

If the worker has sufficient responsibility and
mental skills for his work, it is recommended to
have the worker supervise the robot. It gives the
individual the feeling to be independent since he is
in control. It is also a safe method, specially when
the robot automatically halts somewhere during the
execution of the task to synchronise and in this way
to allow the worker to check the robots functioning.

Being based on a single experiment, the results can
only be used as indicators for guidelines and much
more experiments are required. Those experiments
should also include logistics, since it was found that
problems with the execution of a task tend to turn
into logistic problems requiring solutions that may
be more complex and more expensive than the
solution of the original problem.

Author's Address
Mr. Willem van Dort
Institute for Rehabilitation Research (IRV)
111 Zandbersweg
6432 CC Hoensbroek
The Netherlands
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ME A S U R IN G  S U C C E S S  IN  T H IRD  WO R LD  WH E ELC HA IR B UILD IN G

Ralf D. Hotchkiss & Peter Pfaelzer
Wheeled Mobility Center, San Francisco State University

ABSTRACT

The wheelchair industry in developing nations is
growing rapidly. As the growth of new projects gains
momentum, the need to analyze the success of the most
effective manufacturers becomes dear. This analysis
must be shared with wheelchair enterprises across the
globe, and with others, like ourselves, who are involved
in technology transfer activities. In t his  pa per  we
suggest some characteristics common to successful shops.
We also present a comprehensive model for technology
transfer for wheelchair building in developing nations.

THE PROBLEM

For at least 20 million people in developing countries, the
disability rights movement is but a dim fantasy. Many
would struggle for education, jobs, and self
determination, except for one critical obstacle: they have
no way to move from place to place. It is clear that
human beings  who can' t use their legs need a  set of
wheels. However, most of the world's people who need
a wheelchair, currently have little likelihood of getting
one in their lifetime.

a'- 1 1 n o n Y  O r THIr ^ROjBCT

A program of wheelchair building in developing nations
has been going on for the past twelve years. We have
worked with wheelchair builders in a variety of countries
to develop an indigenously manufactured, lightweight,
semi- sports model chair —the Torbellino (Spanish for
"whirlwind "). In the last twelve years, twenty-five small -
scale manufacturing shops have been established in 20
different countries. Over 150 mechanics  have been
trained. This pilot project has produced several
thousand wheelchairs, and has demonstrated the viability
of small shop production in developing nations.

TECHNICAL TRANSFER MODEL

Our technology transfer model - small scale enterprises
in which wheelchair riders produce chairs using local
materials - is based on several considerations. First, in
most countries, local production can provide wheelchairs
at significantly lower costs than importing chairs.

Second, when locally made chairs break, they can be
quickly repaired without the need for importing
expensive spare parts. Third, the general metal- working
and manufacturing skills associated with wheelchair
manufacturing provide an excellent vocational
opportunity for wheelchair riders. Finally, and perhaps
most importantly, riders have a strong motivation to
continually improve the design and quality of the
wheelchairs they produce. Better chairs enhance their
independence. A continuous stream of improved
wheelchair designs has been the result of this approach.

MEASURING SUCCESS

The wheelchair industry in developing nations is
growing rapidly. Over the past twelve years, working
with wheelchair builders in developing nations, we have
observed some projects succeed while others fail. As the
growth of new projects gains momentum, the need to
analyze the success of the most effective manufacturers
becomes clear. Numerous potential wheelchair builders
have asked what makes some factories thrive while
others do poorly. People with disabilities have asked for
help to raise the quality of work of their local
manufacturers, some of whom are making shoddy or
overpriced ;uheeIclhairs. We define success as the ability
to produce large volumes of high quality chairs that are
low in price, durable in the field, and that promote
independence among wheelchair riders. The following
characteristics are common to successful shops:

Ouality chairs
Quality chairs are well designed. Put quite simply, they
work. Their design fits  both the  population and the
environment for which they were intended. Quality
chairs are dependable. Good design, fabrication and
quality control enables quality chairs to be utilized in the
rough urban and rural conditions encountered in
developing nations. The mean - time-to- failure for
wheelchairs in developing nations is no less than that of
chairs used in the industrialized countries. All
wheelchairs break down. Quality chairs are repairable.
This  generally means  that parts  are  des igned to be
repaired by local craftspeople, ra ther than replaced.
Spare parts are usually unavailable, and /or costly in
developing nations.

n U i L U i N U W H E E L L H A I R S • C R E A T I N G O P P O R T U N I T I E S
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Third World Wheelchair Building

TheTorbellinoII:Preparing for the 21st Century

Narrow elevator doors in Siberia, Centralized
manufacture in India with a "one size fits all" mentality,
the  need for better sports chairs  in Nicaragua, the
extreme cost of bearings in Peru, the need for children'
chairs in Sri Lanka - all have required the development
of a new type of multi- purpose chair. After 7 years of
design and tes ting, our network of wheelchair rider -
builders is  ready to begin the  disemmination of the
Torbellino II. Its new features include:

• Self- Narrowing - adapted from the Altimate patent -
so the rider can squeeze through narrow doors

• Adjustible Width - the rider has the choice of 5 seat
widths in a single chair

• Adjustable Axle Position - with choice of 8 positions

• Sealed Needle Bearings - made of nails /coat hangers

• Radical Footrest Adjustment - 8" (20 cm) vert. motion

• The Zimbabwe Wheel - The ride and Flotation of a
wide front pneumatic with no flats, at very low cost

• Camber adjustment - seperate wheel and sideframe
camber adjustments, for custom backrest fitting

Affordable chairs
A successful wheelchair shop not only produces quality
chairs, but also sells them. Cost control is the key to
keeping the price low. Materials utilized in production
are locally available and relatively inexpensive. Batch
processing of parts is  used to keep labor costs  to a
minimum. Overhead or fixed costs are controlled and
included in the purchase price of the chair. Even with
attention to all these details , the  purchase price  of a
wheelchair may be excessive for a person with a
disability. In some cases, the manufacturers have
cooperated with other organizations or banks to develop
innovative financing schemes. Revolving loan funds to
consumers have been utilized successfully in Columbia
to enable poorer person with disabilities to purchase a
chair. To help the maximum number of people  buy
wheelchairs, the group in the Philippines uses donated
funds to give partial subsidies. Successful wheelchair
shops are as skilled in meeting the financial challenges of
wheelchair production as they are in solving their
technical problems.

Consumer involvement
Active consumer involvement in production has been
vital to the most successful wheelchair enterprises. Chair
design and durability must be evaluated by experienced
riders who understand the production process. Persons
with disabilities have a strong vested interest in
producing a  quality product and running a successful
business. Disability movements in developing nations
also benefit from consumer involvement in production.
As employees, persons with disabilities serve as role
models. They inspire  their peers to fight for the jobs
they deserve. A self -help, or independent living model
for persons with disabilities can replace the charity
model which is prevalent in developing nations.
Furthermore, as a large number of consumers become
mobilized, and enter a variety of occupations, capital can
be infused into the local disability movement.

Ouantityof chairs
To be successful, a wheelchair shop must operate
efficiently. The production capability of individual shops
varies greatly depending on the initial capital investment
and the production model which is utilized. Small scale,
low capital, labor intensive production is appropriate in
countries with low labor rates. Even if it takes a week
for a person to make a chair, the labor cost is still not a
large percent of the chair's total cost. In areas with
larger markets to be served, medium scale production
requires more sophisticated planning and management
as well as more investment in tools and fixtures. All
wheelchair components must be standardized and
interchangeable for medium scale production.

A GLOBAL APPROACH

In a paper presented at the 1990 RESNA Annual
Conference entitled "Third World Wheelchair
Manufacture: Will It Ever Meet the Need ? ", we estimated
that 20,000,000 wheelchairs were currently needed in
developing nations. While our 12 year pilot project has
been successful by many measures , only five to ten
thousand wheelchairs have been produced by shops with
which we've worked. Clearly, a bolder, more
comprehensive, long term, global plan must be
developed.

Mr. Henry Hof, a senior economic affairs officer in the
United Nations ' Department of Economic and Social
Development and a wheelchair rider himself, is
coordinating a committee which is designing a global
plan. Central to this plan is a substantial increase in the
current growth rate of wheelchair production in
developing nations. The long term goal of producing
and distributing tens of millions of wheelchairs in
developing nations, if it is successful, will take 20 to 30
years.

The goal for the initial three year phase of the project is
to develop an infrastructure in several marketing regions
in different parts of the world. A measurable goal three
year project is a s ignificant increase  in the current
growth-rate of wheelchair production in each region.
The plan specifies the initiation of small scale enterprises
which will employ men and women, including those
with disabilities, in meaningful and productive positions
of responsibility.
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T h ir d  W o rld  W h ee lc h air  Bu ild in g

The glo bal p lan envis io ns  a netwo rk o f regio nal res o urc e
and  training c enters  thro ughout the wo rld .  T hes e c enters
will b e res p o nsib le fo r p ro vid ing as s is tance to  b o th new
and  exis t ing whee lc h air  ma nufa c tu rer s  in th eir  re gio ns .
A P r o g ra m S up p o rt  Gr o u p  ( P S G)  will  b e av ailab le  t o
as s is t  the  regio nal res o urc e and  train ing c enter s  as  well
as  lo c al p ro d uc ers .

THE P ROGRAM SUP P ORT GROUP

T he P ro gram S up p o rt  Gro up  will as s is t  with:

•  S tatis t ic al info rmatio n o n the n eed  fo r wheelc hairs
in s p ec ific  c o untries .

•  Cap italizatio n o f s mall s ho p s  and  larger fac to ries .

•  T raining o f whe elc hair b uild ers .

•  C reating financ ing p lans  fo r c o ns umers .

•  T raining  o f rehab ilitat io n profess ionals .

•  T he p ro mo tio n o f mo b ility  and  ind ep e nd enc e fo r
p ers o ns  with d is ab ilit ies  in d evelo p in g c o untries .

•  On go ing evaluatio n  and  refine ment o f th e regio nal
and  lo cal p rojec ts .

T he P ro gra m S up p o rt  Gro up will  p r o vid e g o ver nme nts
an d  o rg an iza tio ns  in  d ev e lo p in g na t io ns  with  a s in gle
c o mp rehens ive p ac kage to  c arry o ut b o th ec o no mic  and
s o c ial d eve lo p ment.  T h e United  Natio ns '  Dep artment o f
Ec o no mic  and  S o c ial Develop ment,  wo rking with UNDP ,
ILO,  and  UNI DO,  will b e  res p o ns ib le  fo r d irec t ing the
ac tivities o f the PS G. The P S G will as sis t  lo cal exec uting
an d c o o p er ating agen c ies d u r in g the infras truc ture
d ev elo p men t p er io d . T he P S G will als o  b e res p o ns ib le
for glo b al c o o rd inatio n of the projec t. After final
ap p ro va l b y th e b o ard s  o f th e res p e c tive o rganiza tio ns ,
the ro les  th ey will as s ume within the P S G inc lud e:

• For Tec hnic al As sistance and T raining: T he
Whe ele d  Mo b ili ty Cen te r,  S an  F r an c is c o  S ta te
Univers ity, S an F ranc is c o ,  Califo rnia

• For Bus ines s As s is tanc e: Ap p ro p r ia te
T e c hn o lo g y  I n te r n at io n a l (AT I), Was hingto n,
D.C .

• For Co ns umer F inanc ial As s is tanc e: Ap p r o p riate
T ec hn o lo gy In te rn at io na l (AT I), Was hingto n,
D.C.

• For Ad vo c ac y As sis tance: Re ha b ili ta t io n
In te rn a tio n al, Ne w York, Ne w Yo rk; and
Dis a b le d P eo p le Int er na tio na l, Win nip eg,
Manito b a

• For S tatis t ic s  an d  Evalu atio n: Un it e d  Na t io n s
S tatis t ic a l Off ic e,  DES D,  New Yo rk

MODEL F O R P ROJ EC T  I MP L EMENT AT I ON

Implementation of the pro ject  reflects the United  Natio ns '
new emp has is o n loc al exec utio n. Go v er nme nt
minis tries , in as so c iatio n with interes ted local no n-
go v ern men tal  o r gan iza tio ns ,  will b e the  ex ec u tin g a nd
co o p erating agenc ies  in eac h c o untry. The p art ic ipatio n
of loc al o rganizatio ns o f p erso ns  with d is ab ilit ies will b e
req uired . In eac h c o untry,  lo c al natio nals will have
ult ima te res p o ns ib ility for the pro jec t. Co llab o rating
lo c al agenc ies  will wo rk  with the p r evio us ly d es c rib ed
P ro gra m S up p o rt  Gr o up  to  realize the  p ro je c t  go a ls  in
their part ic ular co untries .  T he p rojec t will seek lo cal and
internatio nal fund s  to  s upp o rt  activit ies  in eac h c ountry.

Full app ro val and  fund ing for the overall p lan is  targeted
for mid -1992. If you wo uld  like to exp lo re the p os sib ility
o f s ec ur ing s up p o rt for whe elc h air b u ild ing in  yo u r
co untry,  c o ntact:

Mr.  Henry Ho f
Dep artment o f Ec o no mic  and  S o c ial Develo p ment
United  Natio ns
New Yo rk,  NY 10017, USA
Phone: (212) 963 -7168

o r

Ralf Ho tchkis s & Peter P faelzer
Divis io n o f Engineering
San F ranc is co  S tate University
1600 Ho llo way Avenue
San Francisc o,  CA 94132, USA
Phone: (415) 338 -2878

1 \ O
BU ILDING

WHEELCHAIRS,
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Dynamic  S truc tural Res po ns e o f a C ro s s  -T ub e Wheelc hair F rame

J.D,  Baldwin, L.S.  Dee and  J.G . Thac ker
University of Virginia Rehabilitation Engineering Center

Charlottes ville,  VA 22903

Intro d uc tio n

Tes ting is  currently und erway to  determine the nature o f the
structural deformations exp erienc ed by a lo aded wheelc hair. In
this case, the deformations are the strains experienced by a cross
tube in a fo lding design wheelchair. Experimental determination
of thes e d efo rmatio ns  is  the firs t s tep  to ward a metal fat igue
analys is  of the struc ture. The various theories of metal fatigue
req uire that the analys t kno w either the strain or stress histo ry
of the s tructural element und er load  (stres s es  can b e d erived
fro m s train d ata).

Previous efforts [11 have fo cused o n the c omputational aspects
of the wheelchair fatigue /reliability problem, but they have used
assumed stress /strain histories  instead  o f actual data. This
investigation is being undertaken to provide the necessary
struc tural response data to perform the wheelchair
fatigue /reliab ility calc ulations.

Bac kgro und

Ac tive wheelc hair us ers  o p erate their wheelc hairs  over many
different terrains in the co urse of their day. The ro ughness of
the terrain and  a part ic ular wheelc hair struc ture's  resp onse to
that terrain are the c o ntrolling facto rs  in several aspects of
wheelchair perfo rmance inc lud ing ride co mfo rt and  the lo ng-
term s urvivability of the s tructure. Long -term survivability, or
reliab ility,  o f the wheelchair frame is  b as ically an iss ue o f the
frame' s sus ceptibility to metal fatigue and  the acc umulation of
fatigue d amage o ver the lifet ime o f the wheelchair.

The probability o f fatigue failure of a tubular wheelchair frame
has b een addressed [1], but purely from the persp ective of
ass umed struc tural load ing. That is, the analyst was pres umed
to  have s truc tural lo ad  and  res po ns e d ata fo r the wheelc hair
frame und er c o ns id eration. At the t ime no  real d ata fo r the
response of a wheelc hair struc ture und er lo ad  was available.

Tes ting P roc ed ures

The current research undertakes to test wheelchairs under
vario us dynamic  loadings  and meas ure the pert inent s tructural
response parameters with the intention of eventually
incorporating the findings  into a wheelchair structural reliability
mod el. In p art ic ular, two  wheelc hairs , o ne manual and  o ne
powered, have been instrumented with electrical resistance strain
gages. Both wheelchairs are of the fo lding type with two cross
tubes pinned to gether at the center_ The strain gages are
connected to a computerized data ac quisit io n s ys tem whic h
allo ws high speed d ata acq uisition and  data s torage.

To d ate,  only the manual wheelc hair has  und ergo ne any testing.
That wheelchair has been tested on a tread mill with two
different "bumps" attached. Wooden dowels across the
treadmill belt served as b ump s.

The wheelchairs were instrumented with three element

rectangular strain gage rosettes , shown in Figure 1. Each of the
three arms  o f the ro sette is an ac tive s train gage. By using
rosettes such as these, we can calculate the principal strains and
their directions very easily [2]. These strain gages  respo nd to
the deformation of the metal they are bonded  to by a change in
their resistance; the change in resistance is meas ured as a
voltage, E, output by an electrical circ uit known as the
Wheatstone bridge, Figure 2; the voltage V is the bridge supply
voltage. The voltage o utput by the Wheatsto ne b ridge may be
trans formed mathematic ally to  give the measured strain. The
three elements of the rosette have been designated Gage 1, Gage
2 and Gage 3, proceed ing counterclockwise from the lower left.
Each gage has its own Wheatstone bridge circ uit.

Two strain gages  were attached to a cross tube, one on the side
of the tube directly ad jacent to the c enter pin, the o ther on the
bottom of the tube lying alo ng the pin. The loc ations of the
strain gages  are sho wn in Figure 3. The cross tube was chosen
for this initial investigation because several finite element
analyses of this type of structure have shown the largest stresses
to occur in this area. The strain gage installation is the same on
both the manual and p ower wheelc hairs und er tes t. As shown
in the figure, the strain gage rosettes have been designated XG1
and XG2.

The strain gages are connected to a bank of s train gage
conditioners /signal amplifiers. Each signal conditioner provides
the excitation voltage V to  the Wheatsto ne bridge and controls
the amplific atio n o f the very small vo ltages o utp ut fro m the
bridge.

The amplified vo ltages  p as s thro ugh a lo w -p as s filter with a
signal cutoff at 30 Hz. The low pass filter acts  as a frequency
limiter,  eliminating elements  o f the d ynamic  strain s ignal that
have frequencies larger than the cutoff. This effectively
eliminates the elec tric al nois e induced b y the fluorescent room
lighting, nearby power equipment, and miscellaneous
atmospheric electrical disturbances. When filtering a signal, one
mus t c ons id er ho w much d ata is  b eing thro wn away b y the
filtering process_ In this case, unfiltered  dynamic  strain signals
were examined  in the freq uency d omain and it was found that
no  s ignific ant frequency c o ntent existed  ab ove ab out 15 Hz.
(except a large signal at 60 Hz. attributable to lighting), thus no
real data los s occurs due to filtering. It is conceivable, though,
that an experimental testing p rogram may exc ite s trains in the
wheelchair frame that have higher frequenc y c ontent,  in which
case a different filtering strategy must be used.

The filtered s train signals are s amp led  b y a MetraByte DAS 16
analogue -to- digital (A /D) data acquisition board mo unted in a
personal computer. The A/D bo ard  is p ro grammed to  samp le
the analogue strain signals (voltages) at pred etermined intervals
and convert them to digital values suitable for computer storage
and  manip ulatio n.

A critical iss ue in samp ling dynamic s ignals is  that  of selec ting
an ap prop riate s ampling rate. If  the s ampling rate is  c ho sen
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such that a significant amount ofsignal frequency content occurs
ab o ve the sampling rate, a phenomenon kno wn as aliasing
occurs whereb y the energy of the higher freq uency s ignals is
reco rded at lo wer frequencies. The alias ed  s ignals  are not a
accurate representation of the true s ignal. This p ro b lem is
avo id ed  by app lying the Nyquist  s ampling theo rem [3] which
states that to avoid aliasing, the sampling rate can be no smaller
than twice the largest signal frequency.

The low pass  filters p ro vide strain signals  with a kno wn high
frequency content, therefore the sampling can occur at a
multiple of this upper frequency. The filters have finite
frequenc y roll o ff at the upper end and provide full attenuation
at about 50 Hz. The Nyquis t theorem requires  in this case that
samp ling occ ur no s lower than 100 Hz. To obtain an accurate
rep res entation o f the signal we overs ample this  rate and to
accommodate other signal processing requirements we collect a
number of samples that is an integer power of 2. The sampling
rate is set at 512 samples /second for each channel.

Test  Res ults

A s eries  o f tes ts  was  c arried  o ut o n the manual wheelc hair
rolling o n a tread mill with a 177 po und live rider. The s train
gage rosettes were oriented  as in F igure 3. The test  was
performed under three terrain cond itions: no bump,  0.375 inch
diameter bump  and 0.625 inch diameter bump. The treadmill
sp eed was  nominally 1.0 meters /second. Each data s tream
consisted  of four seconds o f sampling (2048 data points) from
a single strain gage rosette. Twenty no -bump data sets, thirty
0.375 inch bump data sets and thirty 0.625 inch bump data sets
were rec orded for each strain gage ros ette (XGL and XG2) for

a total o f 160 data sets.

The data process ing stage of the investigation required that the
reco rd ed  d igital values  b e co nverted  to vo ltages and then to
strains. The strains were corrected for the transverse sensitivity
of the strain gages [4] and then the mean and standard deviation
of each strain gage was  c alc ulated. Earlier investigations  [I]
incorporated the assumption that the structural response could be
ad eq uately d es crib ed  b y a stationary,  narro w band  Gauss ian
(No rmal) rando m pro ces s. Several stat is tical tests [3] were
performed  on each data set  to  determine the agreement o f the
measured strains with these assumptions. The Chi - Square
go o d nes s  o f fit  tes t  pro vided  an es timate of the agreement
between the meas ured data and  a No rmal d istrib ution. The
Reverse Arrangements test for data independence addresses the
stationarity of the data s tream; in this cas e we investigated  the
stationary nature o f the data's mean square value. Finally, the
regularity factor [5] o f the data stream was calculated to
determine whether the data repres ented narro w band  resp onse.
Fo r exp erimental data the regularity facto r is  defined  as the
number of times a d ata stream has an up eross ing of its mean
value divided by the number of p eaks  abo ve the mean value.
The regularity factor can have values in the interval 0 < of 1;
a = 0 indic ates wide band respo nse and a = 1 indicates narrow
band response.

A representative d ata set will he examined  in detail. The data
set designated T RD55 is from a four second tes t on the manual
wheelc hair,  reco rding strain gage rosette XGL The treadmill
bump was 0.375 inches in diameter and the treadmill speed was
1 meters /second. The s train vers us  t ime plo t  o f this  tes t is

sho wn in Figure 4. Note that the t ime is in d igital format with
512 corresponding to 1 second, 1024 corresponding to 2 seconds
and so on.

Notic e that the s trains  reco rd ed by gage 1 is nearly always in
compression while gage 3 is usually in tens io n. Gage 2
undergoes both tension and compression in a cyclic fashion. It
is also interesting to note that the gage 2 signal has much wider
variations over time than either gage 1 or gage 3. This  is the
result o f the orientatio n o f the gage 2 element o f the ros ette
alo ng the tub e axis,  as s ho wn in Figure 3,  tend ing to measure
the overall axial tens ion and  compression o f the tube as well as
any b ending action. The orientations of gages 1 and 3 are such
that they tend to measure the torsion of the tube, which the data
sho ws to  b e a relat ively c o nstant s tate. A very noticeable
feature of this d ata set is the rapid variations shown by all three
gages in the time interval 768 -1024 (0.75 -1.0 seconds). This is
the point where the wheelchair responded most vigorously to the
bump o n the tread mill. It is not clear at this point whether these
extreme res ponses  are due to  the bump imp acting the fro nt or
rear wheels of the wheelchair.

The calculated Chi - Square measures [3] for the three strain data
streams are 669.4 for gage 1, 341.7 fo r gage 2 and 2337.3 for
gage 3. In o rd er fo r the d ata to  b e pres umed  to  be fro m a
No rmal d is trib utio n at  95 % confidence, the Chi - Square value
wo uld  b e les s  than 24.7. Clearly, the Normal distribution
assumption does not hold for these data. In fact, of the 160 data
sets examined so  far, no ne have pas sed  the Chi -  Sq uare tes t.
The as sumption of a No rmal random proc ess is not justified.

The reverse arrangements  tes t [3] of the three d ata s treams
yielded 95 reverse arrangements on gage 1, 110 on gage 2 and
68 o n gage 3, The 95% c onfidenc e interval for the revers e
arrangements  test  is  from 65 to 125 reversals; this data s et
exhibits statio nary b ehavio r. Mo st, but no t all,  d ata streams
examined so far have passed the stationarity test.

Finally the three strain data regularity fac tors were found to be
0.096 for gage 1,  0.0 66 fo r gag e 2 a nd  0. 148 f o r ga ge 3.
Therefore,  like the ass umption of Normality, the narrow band
assumption does  not hold for this data set. These numbers are
typical of the other data sets.

Conclusio ns

The test program described here has been useful in
demo nstrating the rand o m nature o f the d ynamic  s trains in a
wheelchair cross tube. Testing will be expanded to explore the
response of the power wheelchair and the effect of different test

terrains.
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Abstract

The formulatio n o f tes t s tandards  fo r wheelc hairs thro ugh
the IS O is at  its final s tage. Our c entre is  amo ng the firs t
ones in As ia to  use these standards  in p erforming wheelchair
testing. This pap er discuss the Centre' s experience in
cond ucting such tests,  inc lud ing the difficulties enco untered
and the po s sib le interp retation of the results  fro m the end

user's perspectives.

Introd uc tion

Wheelc hair s elec tio n is no t
a

eas y task without a d etailed
kno wled ge o f wh at is  availab le  o n the market. Without
seeing the ac tual p ro d uct,  o ne would  b e highly d ependent
upon the info rmatio n disclosed by the manufacturers
catalogues or specification sheets. Such information is
limited to  d imens io nal sp ec ifications and co nfusions often
arise due to the use of non - standard measuring and

rep orting techniques.

In view o f thes e facts ,  an internatio nal s tand ard  has  been
develo ped which specifies s tandard testing and measurement
procedures to disclose wheelc hair perfo rmance and
comparable dimensional info rmatio n. Altho ugh, wheelchair
manufac turers in Ho ng Kong and nearby countries are
expected to adopt this new standard in the future, this  would
proporly fo llo w any similar actions taken by tradit ional
ind us trialis ed  c ountries. This  will dis ad vantage the lo c al
cons umers becaus e produc t co mparisons will b e diffic ult.

In order to fac ilitate the pro cess of info rmation disc los ure,
a c ollab orative project is co nd ucted b y o ur c entre and  the
local Co ns umer Council, aiming to define and disclose
relevant comparab le d ata  o n a repres entative samp le of
manual wheelc hairs  available in Ho ng Ko ng.

Method

Ad o pting fro m the Internatio nal Standards Organization
(ISO) p art  7176 o n wheelc hair tes ting,  all tes ts  relevant to
the evaluatio n o f manual wheelc hair were inc lud ed in the
test protocol. These included:

ISO 7176/1 - Static stability [P ublis hed]
ISO 7176/3 - Efficienc y o f b rakes (evaluation of parking

brakes only) [Published]
ISO 7176/5 - Dimension, mass and turning space

[Published]
ISO 7176/7 - Determinatio n of seating d imens ions [Prior

to appro val)
ISO 7176/8 - Static, imp act and fatigue strength tests

[Prior to  approval]

Wheelchair tes t  s amp les  were s elec ted  ac co rd ing to  their
representiveness in the local market. The six types of
wheelchairs s elected for testing are manufac tured either in

China,  T aiwan,  Jap an o r US A. These chairs  were wid ely
used in government ho sp itals,  rehab ilitat io n centres and by
individuals.  The price range o f these chairs is from HK$ 900
to 4,000 (US$ 120 to 500). Due to  financial constraints, only
3 samples o f eac h wheelc hair mod el were tes ted . Further,
to ensure the representiveness of these s amples, the purchase
of these chairs was arranged thro ugh a medical rehabilitation
centre, s o that the sup pliers were no t aware of our intention

to test.

Discussion

Equip ment c ons truc tion

ISO sp ecified tests on wheelc hair evaluatio n invo lved in the
use o f vario us  dedicated  app aratus. These inc lude:the test
dummy,  the reference lo ader gauge, the IS O 2 -drum tester,
the inc lination test plane and other app aratus for
static /impact strength tests. Eq uipment construction
informatio n were well doc umented fo r the published  parts of
the s tand ard , whereas fo r tho s e p arts  that  are s till prio r to
final ap proval,  the fo llowing difficult ies were experienced
during the co ns truction o f tes t app aratus.

In p art  7 o f the s t and ard ,  the wid th o f the two  s lo ts  (as
viewed fro m the top  view) loc ated  in the fo re p osition of the
Referenc e Lo ad er Gauge was no t ind icated . Besides, the
position for putting construction weights on the seat unit was
not mentioned,  but it  can be estimated from the pre - d efined
pos it io n o f the centre of gravity o f the Loader Gauge unit.

In part 8, although it ap pears that there was a lot of
information for eq uipment constructions, the following
queries were enc ountered: (a) In stat ic strength tests, a force
applicator was rcquired for lo ading d ifferent wheelchair
comp onents  at  different lo cations. However, there is limited
info rmatio n on the d es ign of s uc h ap paratus,  esp ec ially on
how to s et up the eq uipment for various load ing application.
(b) In impac t strength test, constructio n of the standard  load
mass  requires the filling of lead s hots  to a size 5 soccer ball.
Instead of filling lead shots through the valve,  our exp erience
fo und that  it  may b e more effic ient to  o pen up  the b all to
put the lead sho ts (or steel balls) in; s ince the b all wo uld  be
co mp letely filled when the desired  mas s was  met. Further,
we found  that  even sire 5 socc er b all has some variations  in
actual dimension dep end ing o n the manufacturer.  (c ) Again,
limited  info rmatio n is  p ro vid ed  for the d es c rip tion o f the
`ISO 2 -drum tester' . This equipment is a s ubs tantial one.
Therefore,  if  p oss ib le, tec hnical d etails should be included.

Our tes ter is primarily based  o n the Univers ity o f Virginia

model [1].

Tes t p roc edures

Although the wheelchair standard was  divid ed into d ifferent
parts  with sp ecific  tes t o bjectives ,  they sho uld  b e always

viewed as acomplete set to avoid redundant tes t pro cedures.
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In part 3, parking brake test, the evaluation procedure was
basically the same as indicated in the fast part of the static
stability test. Some remark should be included in the
standard so as to avoid test redundance. In part 7, the
criteria for using the test dummy to replace the reference
loader gauge (RLG) is not clearly defined. This would
introduce incomparability between results. Our suggestion
is that the RLG should be the only test mass for this part of
the test. Furthermore, there was no specification on how the
RLG weight distribution should alter with respect to the
testing of children size wheelchair. In part 8, these tests are
destructive, and all strength tests has to be performed before
the fatigue test. This may cause damage not readily
observable with naked eyes to the chair which would not be
documented. Further, in order to best represent the
anthropometric data of local adult, we used a test dummy
which weights 63 kg; with proportional component mass as
set in part 11.

Data interpretation

The ability to do a wheelie is essential in maneuvering a
wheelchair for daily activities, such as curb climbing. The
ease with which the wheelchair can be controlled (balanced)
is related to the static stability of the chair. ISO 7176/1
reviewed the tipping angle (centre -of- gravity angle) of the
wheelchair, which provide the user an idea of how easy a
wheelie can be performed [2,31.

Wheelchair access guideline usually recommended a 1:12
slope ramp surface for safety operation of manual
wheelchair. However, in daily activities, steeper slope will
often be encountered. Therefore, understanding of the
wheelchair's static stability and its parking brake reliability
can minimize any hazardous slope climb.

Dimensional information is essential in the selection of a
suitable chair. ISO 7176/5 reported these information
according to the definitions as specified in ISO 6440. The
dimensional data reported were under an unloaded situation.
Because of the sling seat and flexible backrest design in
traditional wheelchairs, some dimensional data will alter
under a loaded situation. Part 7 of the  standard was
incorporated for such purpose. A full understanding of these
information will enhance the accuracy in selecting a suitable
chair.

One primary concern from the user's perspective is the
durability of the wheelchair. Although part 8 of  the
standards is designed to evaluate such parameters, when
reporting test results, it must be presented within the
comprehension of an user. For example, the result of the
double drum fatigue test should report the number of years
of life expectance of the chair rather than the number of
cycles to fatigue.

The efficiency and effectiveness of the propulsion of
wheelchair is another concern by the wheelchair users. The
tests within the standard has already extracted ergonomic
parameters, however, the prescriber /consumer has to
interpret these information to achieve optimal performance
based on his understanding. Examples include: (a) the weight
(part 5) of the  chair and the toe in /out angle (part 8)
reviews the rolling resistance of the chair, (b) the flexibility

of the seat height adjustment (part 5 & 7) will influence the
economy of propulsion, (c) the weight distribution together
with the seat position (part 5) affects the downhill turning
tendency, the Yaw Axis Control

...
etc. and ultimately the

propulsion efficiency [4,51.

Conclusion

Upon the finalization of all the ISO standards for wheelchair
testing, wheelchair users will be able to compare both
dimensional, durability, and performance information as
disclosed by manufacturers according to the standard. As
discussed earlier, a meaningful interpretation of these test
results would be an important aspect to consider from the
user's perspective, because this will lead to an effective and
efficient performance. The knowledge obtained from our
work in testing wheelchairs will not only beneficial to the
consumer, but can also aware local rehabilitation
professionals about this advancement in the subject.
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ABSTRACT

Wheelchair standards have been in
development for several  years. A set of
tests has been approved by the American
National Standards Institute (ANSI) and by
the International Standards Organization
(ISO). Normative values remain to be
developed for the approved wheelchair
tests, and the tests themselves need to be
refined. Test dummies are intended for
tests in which the wheelchair is required to
be loaded. With the large variety of
wheelchairs to be tested there is need for
some modifications to the dummies. The
choice of materials and design can make a
wheelchair test dummy more useful.

Background

There are numerous persons in the United
States who rely on wheelchairs for their
mobility, and for their well being. Wheelchairs
are required for recreation, vocation and
nearly every other regular activity for persons
with mobility impairments. Nearly 1.2 million
Americans use wheelchairs as their primary
source of mobility (Pope A.M., Tarlov A.R.,
1991.). This translates into a substantial
number of people depending on research in
wheeled mobility for their quality of life.

Standards are required to establish minimum
performance and durability criteria for
wheelchairs, Standards benefit consumers,
manufacturers and third party providers. The
ANSI Technical Advisory Group (TAG),
organized by RESNA is made up of
representatives from many different
disciplines (McLaurin, C.A., Axelson P.,
1990.). This helps to ensure that engineering,
ergonomic, aesthetic and performance needs
are cons idered . Standards help
manufacturers in comparing their products on
a quantitative basis with other manufacturers'
products, and with establishing minimum
design criteria. Consumers benefit by being
able to evaluate wheelchairs before they are
purchased. Purchasing agencies are assisted
in establishing reasonable acceptance
criteria.

The development of standards is the first
major step in a long process. Standards
consist of two primary components: 1) Tests
and 2) Normative Values. The tests have been
developed, though no doubt there will be
some refinement. The normative values can
only come by applying the tests. This process
is presently underway. The development of
normative values is most likely to show
several things, not the least of which are: 1)
the need to modify some of the standards, 2)
the need for independent evaluation, 3) the
need for disclosure.

This paper shall focus on some improvements
in the design of wheelchair test dummies (ISO
7176/11 or RESNA WC /11). There are four
dummies used for wheelchair testing (25, 50,
75, 100 kg.). Dummies can be used for all
tests where the wheelchair is to be loaded.
The ISO standard is based upon simple and
inexpensive construction with mass
distribution similar to a human.

Statement of the Problem

The dummies described in the ISO /RESNA
standards are fragile, very difficult to handle
and do not work with most ultra -light
wheelchairs. The objective of this design
project was to develop a test dummy which
meets ISO /RESNA standards (at least
intentions) but is more durable, safer to handle
and could be used with ultra -light wheelchairs
with narrow footrests as well as classical
designs.

Rationale

The ISO /RESNA dummy should be similar in
anthropometry to a human wheelchair rider
and should be much more durable than any
wheelchair being tested. The dummy should
not fail , especially during dynamic testing,
before the wheelchair. The plywood
suggested for the body in the standard is too
weak to withstand more than a few fatigue
tests. The feet of the dummy should be able to
rest properly on the footrest(s) of a wide
variety of wheelchairs, including those with
tapered front ends. The design suggested in
the standard has legs which are too short to
reach most footrests and the feet are too wide
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to sit on tapered footrests. The dummy should
be safer to handle. The 100 kg. dummy is very
awkward to li ft and place in a wheelchair,
especially on an ISO /RESNA Double Drum
Tester.

Design

The design outlined here was for a 100 kg.
test dummy. However, the process could be
extended to the other sizes as well.

Design Criteria:
1) The dummy was to meet the intent of
ISO /RESNA standards.

2) The dummy was to be capable of
withstanding 10 million cycles in a
wheelchair on an ISO /RESNA Double Drum
Tester (this is approximately equivalent to
100 tests).

3) The lea length and foot width were to be
adjustable to accommodate a wider variety
of wheelchair designs.

4) The dummy was to be safer to use.

The dummy frame was constructed of half inch
aluminum (6061T6) plate. This material was
selected because it is a relatively inexpensive
structural aluminum, which is easy to machine,
and is widely available. The ISO /RESNA
standards call  for dummies to be simple to
construct and inexpensive. Although the initial
investment for aluminum is higher than for
plywood, the long term cost should be lower
because of extended product life Aluminum is
light weight, as is plywood, and therefor
adequate freedom remains to adjust mass
distribution. Steel plates were used for
additional mass. Steel is very durable, is
readily available and is easy to work with. All
fasteners were grade B.

The back and seat were constructed as per
ISO /RESNA standards (Figure 1). The seat
was modified by running a one inch steel bar
across the knee joints of the dummy. The steel
bar acts as a pivot (knee) for the lower legs
and permits the lower leg width to be adjusted
(Figure 1). The dummy has two lower legs
connected to a common knee shaft (set
screws are used to maintain the desired
width). This allows the width between the

lower legs to be adjusted (range is 200 to 250
mm) to accommodate a variety of footrest
widths. The length of the lower legs is also
adjustable by bolting a dovetailed bar onto the
shaft attached between the knees (range is
300 to 500 mm). Two half inch diameter Allen
cap screws hold the plates together.

The dummy was equipped with eyelets at the
shoulders, so that straps could easily be
mounted to the dummy to lift it with a motor
hoist.

Development

The design specifications developed out of
experience gained by testing wheelchairs
using a standard ISO 100 kg. dummy (or 250
pound dummy). Upon testing a variety of
styles of wheelchairs from several
manufacturers, it was discovered that nearly
each chair required some modification to the
dummy in order for the chair to be properly
tested. In addition, placing the dummy in the
wheelchair was particularly difficult, and
sometimes potentially hazardous. This task
often required several people working
together. Hence, some means of using a hoist
was investigated.

Typical ly, wheelchairs are tested for
approximately 100,000 cycles on an
ISO /RESNA Double Drum Tester, and 3500
cycles on an ISO /RESNA Curb Drop Tester.
These tests can be particularly punishing to
the dummy. It was considered undesirable to
have to replace the dummy regularly, therefor
the decision was made to construct the
dummy frame of aluminum rather than
plywood.

The dummy was constructed first by laying the
parts out on pieces of aluminum. The parts
were than rough cut on a band saw, and
finished cut on a milling machine. The final
finish work was done by hand. Holes were
drilled and tapped to bolt the dummy's frame
together. The components (back, seat, legs) of
the dummy's frame were weighed than
appropriate steel weights were cut and bolted
to the frame in the proper locations. The frame
was bolted together. An adhesive was applied
to all bolts to inhibit loosening. High density
foam was glued to the back, seat and feet to
protect wheelchairs from the dummy's frame.

Evaluation

The new dummy has survived over 200,000
cycles on an ISO /RESNA Double Drum Tester
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without any signs of wear or fatigue. The leg
width and knee adjustments have held their
place during each testing trial. The dummy
has experienced no loosening of any of the
bolts or screws which hold it together. There
has been some breakdown in the foam and
some damage to the foam due to handling.

The dummy has not required further
modification to test some of the newer
wheelchair designs. However, the dummy
may require modification for future wheelchair
designs if they vary dramatically from present
forms.

The integration of eye hooks and the use of a
motor hoist has made handling the dummy
noticeably easier.

Discussion

Several improvements to ISO /RESNA
dummies can still be made. The standards do
not specify how the mass is to be distributed
within each component (i.e. the torso). This
may cause undue stresses in some areas of
the wheelchair. If the dummies are to be used
for vibration analysis (e.g. ride comfort) than
dummies which model human vibrational
properties need to be developed. It has been
suggested that a patient transfer hoist works
well when transporting test dummies. The ISO
Standard 7176/11 and RESNA WC /11 should
be changed to suggest aluminum instead of
plywood, and the leg length and width should
be made adjustable.

Standard Improved
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1992 Easter Seal Student Design Competition

On the following pages you have the opportunity to read six exceptional student design papers. This year, 34
creative projects were submitted to compete in the annual Easter Seal Student Design Competition. Choosing
only five winners and a runner -up was, to say the least, a challenge for the eight - member review panel. Yet,
the papers you are about to read were chosen as outstanding examples of functional and practical design
solutions on the basis of:

• technical competence of the design
• relevancy to real societal needs
• creativity and innovation
• manufacturability and marketing potential
• safety and durability
• clinical testing and durability
• cost effectiveness
• aesthetics of final prototype
• consumer appeal

The National Easter Seal Society (NESS) continues to make this most worthwhile event possible by providing
the winners with round -trip air transportation to the RESNA Conference, complimentary room, conference
registration, and a stipend for meals. Exhibit space is provided at the conference, offering a great opportunity
for the winning students to share their projects and rub elbows with others involved in the development and
direct applications of assistive technology.

These students and their projects represent an energy source that is exciting to see and needed by our profession.
They fit well into our conference theme "Technology for Consumers."

Ironically, one of our winners, having just come through the trauma of loosing a family member, relayed how
he had seriously considered not bothering to enter. We are all so glad that he did, for his project addressed a
very real and present need, and it proves so true the quote from Publisher's Clearinghouse, "You can't win if

you don't send it in."

In my opinion, everyone who enters our competition is a winner! They are all experimenting with investing
their knowledge, skills, and abilities in bettering the quality of life for people who have been challenged by
disabilities. We applaud them all. In no way do we imply insignificance to those projects not chosen. Our
judging panel however, unanimously concluded that these six papers represented projects that scientifically, yet
pragmatically intervened to solve "real world" needs, which makes them of greater overall appeal and benefit
to consumers and commercial producers alike.

After all, linking appropriate technology to the largest possible group of beneficiaries, is what successful R&D
is about. These projects excel in that potential, and 1 am very proud to present them to you.

RESNA wishes to thank NESS for its continued support of the Student Design Competition, the judging panel
for a job well done, and all of the students who took the time and effort to submit quality projects.

Please welcome the five finalists to RESNA International '92, and be sure to encourage these budding Rehab
Engineers to stick with us as RESNA and NESS continue to identify and reward such "Towering

Achievements."

David F. Law, Jr.
Chairman
Easter Seal Student Design Competition
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6.7
DESIGN OF TRANSPORTABLE BA T H I N G SUPPORT DEVICE

FOR PEOPLE WITH CEREBRAL PALSY

John Melvin, John Bernhardt
Bill Hanser

Department of Mechanical Engineering
Montana State University

Abstract

A bathing support device was
required for our client and people
in general with athetoid cerebral
palsy. A specific, geometry was
needed for the bathing support
device was needed to reduce and
constrain the strong, involuntary
muscle contractions of our client.
our design also reduces the degree
of lifting involved in transferring
the bather in and out of the device
by eliminating extended lifting
over the edge of the bathtub.
Also, since our client can not
walk, we felt it would be
convenient if the device itself
were mobile, thus providing
transport to and from the bathing
area, and eliminating the
inconvenience of an additional
transport device.

Background

As we researched existing bathing
support devices and spoke with
numerous specialists in the field,
including physical therapists,
seating specialists, a physiatrist,
the child's mother, and several of
the major companies currently
manufacturing bathing supports, we
found that there is currently
nothing commercially available that
meets the specific needs of a
person with athetoid cerebral
palsy. This need is specifically
to restrain the person to a certain
geometry which greatly reduces
their spastic muscle reflexes. As
a result we set forth to design a

product that not only met our
clients needs, but also would meet
the universal need for a bathing
support for people with athetoid
cerebral palsy.

The effectiveness and marketability
of our design is reinforced by our
work with a major rehabilitation
device manufacturer who is
researching production of our
device for the public.

Design objectives and Criteria

Our objective was to design and
construct a bathing support device
that not only met the needs of our
client, but would be effective for
any person with a similar
disability, and universally capable
of adapting to their bathing
facility.

Design criteria

1. Most importantly the design had
to comfortably restrain the bather
in the necessary body geometry
needed to control their muscle
contractions. Specifically this
meant reducing the angle between
the knees and abdomen, the hip
angle, to less than 90 degrees.

2. The device had to reduce the
work and amount of lifting required
by the bathing attendant.

3. The device had to be
universally adaptable to each
client's bathing situation, as well
as be removable, when not in use,
in order to allow others use of the
bathing facility.

4. The device had to have a low
cost in order to make it available
to the average person in need of
such a device.

Description of the Device

There are three distinct parts to
our final design: the bathing
support itself; a mobile cart, used
to transfer the support device; and
a removable, folding rail structure
mounted in the bathtub. During
bathing, the one piece rail system
is removed from a storage area and
mounted in the bathtub via two
locking clamps attaching to the
bathtub walls, and four suction
cups attaching to the tub floor.
The attendant then loads the bather
on the support device from a
convenient location in the house.
The support is transported into the
bathroom using the mobile cart.
The mobile cart and the bath rail
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system are locked together for
safety, and the support device is
slid from the cart onto the rail
support in the bathtub. After
bathing the procedure is reversed.

The frame of the bathing support
was made of 1.5 inch, schedule 80
PVC pipe. We chose PVC for several
reasons: it has a reasonably high
structural strength and is
lightweight, easy to work with, and
it is not affected by the moisture
and detergent of the bathtub
environment. The support material
text, a vinyl coated nylon mesh,
that is extremely high in strength,
non - abrasive to the skin, and not
affe cted by the bathtub
environment. We also felt there
was a need for support belts and
pads. The neck pad holds the head
in place, preventing injury, while
also providing a comfortable
position. The hip and ankle belts
provide the constraint necessary to
prevent the bather from falling
from the support, and to minimize
uncontrolled muscle reflexes.

The transfer cart is constructed
from one inch diameter, 0.083 inch
wall thickness, stainless steel
pipe. Stainless steel is used for
strength purposes so that it will
withstand the dynamic use around
the house, and resist corrosion
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from the water. A set of four, one
inch wide and six inches in
diameter, castors provides easy
maneuverability on all household
flooring surfaces.

The bathtub rail system is
constructed of water sealant
coated, lightweight metal. It is a
one piece design, hinged in three
places with two sets of locks to
rigidly hold the device while in
use. The rail system easily
collapses into a five inch wide
unit requiring a minimum of storage
space. The male end of the rail
system, on both the transfer cart
and in the bathtub, is stainless
steel, while the female end
connected to the bath chair itself
is PVC. This allows the device to
b e e a s i l y s l i d o v e r t h e s t a i n l e s s
steel surface during transfer.

Finally, the design is adaptable to
a roll in shower. The cart is
designed to withstand the moisture
of the shower, and the rail system
is simply no longer used.

S a f e t y

Du r i n g  t h e  d e s i g n  a n d  c o n s t r u c t i o n
o f  t h i s  p r o j e c t  t h e  s a f e t y  o f  t h e
ba t h e r a n d t h e a t t e n d a n t  w a s o f
p r e m i e r e i m p o r t a n c e .
C o n s i d e r a t i o n s i n c l u d e d t h e
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stability of the cart. The
transport cart, with the loaded
support device attached, had to
meet the rigorous (wheelchair
specifications ?) for stability.
Also, the entire system was
subjected to a rigorous testing
procedure including static, dynamic
and impact testing. The system
also contains a number of locking
and restraint mechanisms to prevent
injury. The entire design and its
operation was made as straight-
forward as possible, for the
purpose of eliminating user error,
or misuse.

conclusions

There is a definite need for a
bathing support device of this
nature for people with athetoid
cerebral palsy, and other similar
disabilities. We feel our design
meets this need. We are also
hopeful that the universal design
we have pursued for reasons of
marketability will lead to the
commercial production of this
device, and its availability to
anyone with a similar need.
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8.8
Mounting System for Communication Devices on Wheelchairs

Sylvie Verwaayen
Fanshawe College, Industrial Design- Class of 1991

London, Ontario, Canada

Introduction

A system for mounting communication devices
on wheelchairs has been designed. It allows the
communication device to be brought from a stor-
age position behind the chair to an operating po-
sition in front of the user and vice versa.

Statement of Problem

Many AAC device users in wheelchairs and their
facilitators experience difficulties with moving a
current device into the right position for opera-
tion and moving it  out of the way when the space
in front of the user is needed for other puposes.
At present, there are no fully flexible mounting
systems for AAC devices on different models of
wheelchairs.

Background

Many users of augmentative and alternative
communication (AAC) devices use wheelchairs
permanently . Thames Valley Children's  Centre is
one of the level -three centres in the province of
Ontario for the provision of advanced AAC de-
vices. At the centre, severely disabled children
are prescribed and fitted with wheelchairs as
well as communication devices and other as-
sistive technology. The devices are mounted on
the wheelchairs in the centre's Seating and Mo-
bility Service. The AAC device must be mounted
on the chair in such a way that it can be easily ac-
cessed and operated.

Rationale

In order to use the communication device op-
timally, the user should be able to bring it for-
ward to  an operating position in front when
needed and move it  to  a storage position when
preparing for other activities.

The most suitable storage position was de-
termined to be behind the backrest of the seat.

In the first stage of this project, a system was de-
signed that would allow a facilitator to  easily
move the communication device. In  a second

stage the system will be motorized to provide
easy operation by the device user.

Research

In the Industrial Design course at Fanshawe Col-
lege, students are encouraged to seek answers to
design problems in unconventional and oth-
erwise unrelated areas.

The first piece of the design puzzle came from
an amphitheatre tablet. The rotating and pivot-
ing properties of this object was just what was
needed. See diagram below.

centre of pivot

e

metal casing

metal tube

armrest

` board

Second, drawer tracks that worked on a ball
bearing concept were purchased. This was the
largest stumbling block because the tracks had
stoppers at one end and this was in  the way of
the workboard transferring from one track to an-
other.

Design

The design work started with detailed measure-
ments of wheelchairs as well as the workboard
on which the AAC device is mounted. Con-
sideration had to be given to other pieces of
equipment attached to the wheelchair such as
head switches, joystick, foot rests and battery.

Four different concepts for moving the work -
board between the two positions were studied.
The one selected was a sliding motion along the
side of the chair with a pivoting point where the
armrest meets the back rest.
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The communication device sits on a workboard
which can be pivoted and rotated. When mov-
ing the device away from the operating position,
the workboard is brought to the side of the
wheelchair outside the armrest. It  then slides
back to the point where the armrest meets the
backrest. Meanwhile, the second part of the slid-
ing mechanism is transferred to the back track
and secured in a position along the back of the
chair. See fig. below

1 Rotate to the side of the chair
2 Pivot down
3 Transfer to the back track
4 Swing behind seat

Development

An initial model was made from blue foam, PVC
pipe and a drawer slide mechanism with a bear-
ing track system. From that model, the pivot and
rotating mechanism were elaborated and even-
tually  incorporated into one mechanism(drafting
available).

Next, a prototype was made out of wood, PVC
pipe and a drawer mechanism. Special care was
taken to  ensure that the two tracks would mate
and the plate with the workboard would smooth-
ly transfer from one track to the other.

The prototype was evaluated by staff at the
Thames Valley Children 's Centre. Based on their
suggestion, a third prototype was made out of
steel.This version was also equipped with clamps
for attachment to a wheelchair. The prototype
was mounted on a standard wheelchair and dis-
played at the MEDTECH show in London, On-
tario, Canada.

Exploded view of final concept design:

1 laptop and case
2 Pivot /Rotate Mechanism
3 PVC pipe
4 Housing for tube
5 Sliding plate
6 Bearing /Track System
7 Mounting Board '
8 Split Clamp
9 PCV Tube
10 Screw
11 Pin

z

U 9 7

6
7
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Future Developments

In the spring of 1992, this design will be carried
on by engineering student(s) from Sweden that
are on a work -term at Thames Valley Children's
Centre.
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9.9 LARGE-BUTTON REMOTE CONTROL FOR PERSONS WITH MOTOR

FUNCTION DISABILITES

John I. Ramalho
Manufacturing Engineering Technology

Western Washington University
Bellingham, Washington USA

Abstract

A large- button version of the everyday remote control
used for television, video cassette recorder (VCR) and
compact disc player (CD) entertainment systems is an
ideal instrument for the person with motor control
disabilities. The designs of commercial models do not
lend themselves to the needs of this group of people; the
keys are too small, too close together, and require too
much force to press. Adapting a commercially available
reprogrammable remote control by incorporating larger
buttons which require less force to activate, would
produce a device that could be operated by those with
motor function disabilities. This paper outlines the
design, production, and usefulness of a large- button
remote control.

Introduction: A Brief History

The usefulness of the familiar remote controls used to operate
various popular entertainment systems such as TVs, VCRs,
and stereo /CD players is often taken for granted. However,
many persons disabled by lack of motor function of one sort
or another, would find great benefit and independence
through the use of such a device. Unfortunately, commercial
remote controls are not designed with the disabled person in
mind; the buttons are small, placed close together, and require
too great an effort to press. Such an arrangement makes it
almost impossible for those with impaired motor function to
operate. As a result it is necessary for the disabled person to
rely on an assistant to perform this otherwise mundane task.
A remote control designed with the disabled in mind would
return to the individual a simple, but significant independence,
and at the same time provide the assistant additional time to
perform more vital tasks_

A large- button remote control could be used by individuals
with a wide variety of disabilities. Persons targeted for such
a product would include: para- and quadraplegics, persons
with multiple sclerosis, arthritis, cerebral palsy, carpal tunnel
syndrome, absence of major appendages, limited eyesight or
blindness or any person who has had an accident that
produced a temporary debilitation. Even the average person
who finds searching for the small buttons tedious would
benefit.

According to the National Institute on Disability and
Rehabilitation Research 1983 -1985 (Table 1), the number of
United States civilian noninstitutionalized persons with the
permanent disabilities mentioned above was reported to be
about 20% of the population (LaPlante 1988). Although many
of these disabilities are minor in nature, these persons could
still benefit from such a large - button device.

The large- button remote control described here makes use of
a commercial reprogrammable remote control. Fourteen
large, 1" x 1 ", keys press small switches mounted in a case
housing the commercial remote. These keys provide complete

operation of power, volume, channel, mute, rewind,
fastforward, play, record, stop, pause and item select functions.
Flexible circuitry connects the switches to the commercial
circuit board. The large- button remote case measures 7.5"
long, 3" wide and 1.75" high and weighs less than 7 oz. The
back of the case opens to provide access to the commercial
remote for battery changing and programming.

Methodology

Initially, a local physician associated with the local chapter of
the Volunteer's for Medical Engineering (VME) came to our
university requesting help in designing a remote control for
TV to help a multiple sclerosis patient. With funding
assistance from the St. Luke's Foundation, a prototype device
was developed.

Initial Design:
The initial design parameters called for an aesthetically
pleasing device with large keys capable of being activated with
a slight amount of pressure. The device had to make use of
existing accessible technology, yet must remain cost effective
enough to allow those who could benefit to purchase the unit.
Initially, manufacturability was not considered significant since
only of few were to be made. The switches were located first
since these would determine the configuration and size of the
large - button remote. Switches with an operating force of 130
± 10 grams (gf) that could mount easily on a PC board were
chosen for the design.

The first prototype was constructed of oak and acrylic and was
easily produced. The case had six, I" x 1 ", keys for TV
operation, measured V x 7" x 2 ", and weighed 1A lbs. The
time consuming process in manufacturing was soldering the
wire circuitry to the switches to the commercial remote's cir-
cuit board.

Incorporating VCR and Sierco /CD player control was
considered a positive addition and a second prototype was
produced. The addition of eight keys for a total of fourteen
was required to handle additional operating modes. Oak was
no longer a viable material since its strength to mass ratio
would produce a prototype twice the size and weight. The
possibility of producing more than just 2 remotes was added
to the equation, making the manufacturing time required for
each unit a concern. It was decided that computer numerical
controlled (CNC) machining would be used to produce the
cases. Aluminum was the material of choice. It was tight,
strong, easily machined, and would reduce the size while still
allowing for the increased number of keys.

The second prototype produced contained fourteen keys,
measured 7.5" x 3" x 2" and weighed 1.5 lbs (only 1.6 oz more
than the oak model). Unfortunately, because of the amount
of metal removal required, the machining time look 13 hours
for each unit. The other manufacturing problem was the 2
hours required to strip and solder the wires to the contacts of
the switches to the commercial remote's circuit board.
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Table 1: Prevalence of selected impairments and chronic
conditions, United States civilian noninstitutionalized
population, 1983.1985 (Three -year average).

Chronic Condition All Persons
# of conditions

Skin and musculoskeletal (in 1000s)
Rheumatoid arthritis 1,287
Osteoarthritis /arthropathies 29,033
Bursitis 4,684
Impairments
Absence of major apendages 365
Complete paralysis of extremeties 650
Cerebral Palsy 262
Partial paralysis of extre. 541
impairment of upper extre. 3,109
Blind both eyes 381
Cataracts 5,221
Glaucoma 1,709
other visual impairment 8,554
Miscellaneous
Epilepsy 1,043
Multiple Sclerosis 151

Both prototypes were taken to the local VME meeting to be
examined and tested by persons with motor control
disabilities. The response was enthusiastic. The keys where
easily operated by a quadriplegic with only 17% use of his
right arm. The only contention was the product's weight.
Though the keys were easily pressed, the actual weight of both
prototypes made it difficult to manipulate.

The engineers and health care professionals present at the
VME meeting thought that the possible demand for such a
product could be much greater than first anticipated and
might justify injection mold production methods. Injection
molding would ultimately reduce the 13 hour manufacturing
time to a few minutes, increase ease of manufacturing, and
drastically reduce product weight. Injection molding would
also allow refining the design to increase the asthetically
pleasing appearance of the product.

The Final Design:
The final design solution is presently in the process of produc-
tion. It consists of a lightweight (7 oz), 5 part contoured case,
adhesively bonded together, with the backplate and the
keyboard removable for service (cleaning, battery replacement,
and programming). All parts will be injection molded with
acrylonitrile- butadiene- styrene (ABS). The window will be
injection molded from ABS with methyl methacrylate additive
used to give ABS transparent qualities. ABS was chosen for
its impact resistance and toughness (from the butadiene),
chemical resistance, heat stability, and aging resistance (from
the acrylonitrile), and rigidity, high gloss and improved
processing characteristics (from the polystyrene) (Whitlow
1988). In addition, ABS may be colored and is easily bonded
with adhesives.

The circuitry required to connect the switches to the
commercial circuit board had to be developed for easy
manufacturing and installation. Wire stripping and soldering
by hand was too time consuming, requiring as much as 2
hours per unit. Furthermore, the accuracy and dependability
of the solder joints depended heavily on the skill of the
technician. It was clear that an improved method was needed.

The idea of using of a conductive ink pen and a (Computer
Aided Drafting) CAD drawing to plot the circuit with the ink
pen in a pen- plotter was entertained. This method would
require extensive pen mounting design and was discarded for
a more reasonable silk - screening process. Silk - screening
would provide for the rapid, accurate production of a flexible
circuit on mylar. Two workers could produce as many as 100
circuits in less than 1 hour. The circuit design was created
using AutoCAD and plotted on a Hewlett- Packard LaserJet
III at 300 dpi resolution. A photographic image of the laser
print was transferred onto transparent plastic. A high
resolution silk- screen image was produced from the
transparent plastic by a photo- curing process of the silk- screen
polymer mask.

The practice of producing simple circuits using a silk - screening
ink is an existing technology. Two basic processes were
examined. One required the use of electrically conductive
silk - screening ink most of which required curing by means of
ultra violet (UV) light. This process, though simple, is cost
prohibitive due to the silver conductive inks ( "silvers ") costing
$25 to $45 per troy ounce. The silver ink method would cost
a minimum of $26.00/ circuit. The other process involved
coating copper -dad polyester film with an etch - resist ink.
After the ink dries the printed copper film is dipped in an etch
tank filled with ferric - chloride. The ferric - chloride etchant
removes all copper not coated with the etch - resist ink. After
etching the ink is removed by solvent. Part 2 of this silk -
screen process involves coating what is now the copper circuit
pattern with a silk- screenable polyester solder mask. The
silk - screen pattern for the polyester mask allows coating of the
entire copper circuit except for the contact points which are to
remain exposed for circuit connections. This method will
require copper clad polyester film at $1.00 /square foot, etch
resist ink at $45 /gallon, and polyester solder mask at
$45 /gallon. This translates to a total cost of $3.61 /circuit and
is the most cost effective of the two processes. Therefore, the
etch - resist ink process was chosen as the best method to used.

The final hurdle involved bonding the flexible circuit to the
switches and to the commercial remote control's circuit board.
A one -part conductive epoxy used by the surface - mounted
circuit board industry will be used. The epoxy requires a 12
hour cure time, and eventually may be applied by a robot
using a glue dispensing end effector. Even when assembled by
hand, the flexible circuit installation will take a maximum of
5 minutes per unit, a drastic reduction from the 2 hours
required by the previous soldiering method. Furthermore, the
skill requirements of the technician are almost completely
eliminated.

Aesthestics:
The outward appearance of the large- button remote control
is a smooth contoured design, with a finely textured "satin"
black finish. The site - window required for the infrared signal
to the TV, etc. will be a transparent smoke grey to match the
case. All edges are rounded for increased holding comfort.
More significantly, rounded corners remove any possibility of
scratching from sharp edges. This is important especially
when used by a person whose disability might inadvertently
cause him to strike himself or another person.

The final design of the keyboard has been given a radius.
This serves to remove the possibility of the keys being pressed
in the event that the case is placed upside -down. The end
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Figure 1: large- button remote control diagram showing top, side, and end views.

result is that the batteries will not be discharged if the remote
is accidentally left upside -down. Normally this is not a
problem with a commercial remote's small keys which require
greater force to activate. But this is an important concern
when activation may take place under the large -button
remote's own weight. With the curvature of the keyboard, the
remote will orient so that none of the keys are activated.

Development and Production

The large- button remote control has been designed with
robotic assembly in mind. The casing, switches, and circuitry
can all be robotically assembled. However, it may take some
time to produce all the fixturing necessary for total automated
assembly. In the mean time, an entire remote can easily be
hand assembled in 15 minutes, excluding the curing time re-
quired by the epoxy.

Actual production will be accomplished by student members
of the Society of Manufacturing Engineers (SME) as a means
of fund - raising and production experience. Funds gained by
SME student chapter will be used for educational purposes.
Chief among such purposes will be sending student members
to professional meetings and conferences.

The product will be sold for a price that will cover the cost of
the commercial remote (a major retail outlet has agreed to
sell these at cost), the process materials and student labor. It
is reasonable to expect the plastics materials to be provided
via donations by various local industries. The product cost
should be about $50 /unit. Various organization like VME will
most likely purchase the remote controls and see that they get
to those needing the device.

The units will be distributed nationally through VME
organizations located throughout the United States. It will be
the responsibility of VME to order, ship and distribute the
product.

Conclusion

Seldom does a product not originally design with the disabled
community in mind, display the potential to meet the needs of
the disabled as does the simple remote control of modern
entertainment systems. Altered to address the special needs
of those with motor function inpairments, the large- button
remote control is a product which will give the disabled an
increased independence. The concept of a large- button
remote should by no means be limited to entertainment
systems. Many household operations can be controlled from
this same device when outfitted with existing radio frequency
circuitry, i.e., window shade openers, light switches, intercoms,
etc. The possibilities for such a device are limited only by the
imagination.
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DESIGN OF A DYNAMIC WHEELCHAIR BRAKE

Thomas A. Heil
Human Engineering Laboratory

California State University, Sacramento
Sacramento, CA

ABSTRACT

Some quadriplegics having limited arm and hand
function would prefer manual wheelchairs to
electrically powered chairs but do not have the
strength to operate them safely on steep or extended
slopes. Existing wheel locks cause excessive tire
wear. A dynamic wheelchair brake was designed to
enhance the mobility and safety of this group.

A design was developed based on a simple band
brake. The design calls for an aluminum disk
mounted between the wheel and frame of the chair.
This drum rides on a bearing concentric with the
axle. A Kevtar jacketed cable wrapped around the
drum provides friction for stopping. The drum
engages the wheel by means of polyurethane wedges.

This brake is easy to use, reliable, and low
maintenance. It is compatible with quick - release
wheels, folding chairs, and wet weather. Materials
for two brakes cost about $160. A prototype is
being tested.

INTRODUCTION

Background
Quadriplegics with limited arm and hand function
are known as marginal pushers. The development
of wheelchair technology in the last decade has
enabled this group to have the option o f using a
manual chair. Previously they had been restricted
to electrically powered chairs. Manual chairs are
lighter, smaller, easier to maneuver, and less
expensive, so many marginal pushers prefer them.

Manual wheelchairs are normally propelled by a
pushrim. Pushrims are light, reliable, and simple.
They can be used for forward and reverse motion
and as brakes. Most marginal pushers lack the
strength or grip needed to use a pushrim
effectively. This is compensated for by adding
slip- resistant coatings or knobs to the pushrim.

Justif ication
Unfortunately, these adaptions to aid motion
eliminate the ability to use the pushrim as a brake.
The need for an effective dynamic brake is widely
recognized. Thacker, Seelye, and Kauzlarich of the
University of Virginia reported the results of a
1985 survey o f wheelchair users. Of 168 people
surveyed, 81% expressed a desire for dynamic
brakes [1].

Marginal pushers have lost control of their chairs
on steep or extended slopes. The wheel locks now
available on manual wheelchairs are effective

12.9

parking brakes, but they cause excessive lire wear
when used for dynamic braking. Designs for
dynamic brakes have been proposed, but none have
been widely adopted [2]. Wheelchair brakes will
increase the mobility and safety of marginal
pushers.

APPROACH

Research
The design team gained a solid background in
wheelchair technology. They discovered what had
been done before in the area of wheelchair brakes
and reviewed braking technology. Books, as well as
magazines, journals, and other periodicals were
consulted. Wheeled mobility experts were
consulted and marginal pushers interviewed.
Materials specialists were contacted.

Cri teri a
Once a thorough understanding of the problem had
been obtained, the design team was able to identify
eight features required in the design of an effective
wheelchair brake:

1) Reliability -- Failure of the brake could lead
to serious injury to the user, so the design must be
very reliable. in addition, wheelchair users depend
on their chairs. The chair must be ready to go
twenty -four hours per day.

2) Low Maintenance -- A brake requiring
frequent adjustments is inconvenient and will
become unsafe.

3) Compatibility with Quick- Release Wheels --
The wheelchair's wheels often need to be removed to
transport the chair. If  the brake does not include
this feature, it does not improve the user's
mobility and independence.

4) Compatibility with Folding Chairs -- T h e
braking system must no t interfere with the folding
mechanism.

5) Good Performance in Wet Weather
Wheelchairs are used indoors and outdoors. Wet
weather capability is essential for safety.

6) Low Weight -- The marginal pusher is barely
able to propel the chair, so any signif icant weight
increase would be counterproductive.

7) Durability -- A high quali ty, durable product
is necessary for dependability.

8) Ease of Use -- Since the marginal pusher has
limited strength, the brake must be easy to operate.
The two brakes, one on each side of  the chair,
should operate independently to facilitate steering.

Synthesis
The design developed is based on a simple band

brake. An aluminum disk is mounted between the
rear wheel and f rame of  the chair. It  rides on a
bearing and is concentric with the axle. A stainless
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steel cable in a braided Kevlar jacket is wrapped
around the drum. Tension in the cable is controlled
with a lever that is mounted to the frame. The
Kevlar- aluminum interface provides friction for
stopping. The aluminum drum engages the wheel by
means of polyurethane wedges which fit snugly
between the spokes of a standard plastic wheel.

This design, shown in Figures 1 and 2, satisfies all
eight design criteria. Its simplicity and ruggedness
provide for high reliability and durabi lity. A
sealed bearing is used, so no maintenance is
required. The unique mounting system enables the
brake to stay on the chair when the wheels are
removed. Since the brake is mounted between the
wheel and frame, it does not interfere with fo lding
the chair.

Hub

Figure 1. Wheelchair Dynamic Brake (side view)

Actuating Lever --

Cable

Index Blocks

Drum

I

REAR FRONT

Figure 2. Wheelchair Dynamic Brake (end views)

The Kevlar- Aluminum interface has the distinctive
property of an increased coeff icient of friction
when wet, so wet weather performance should
exceed dry weather results. Another advantage of
Kevlar is that its relatively low coeff icient of
friction limits maximum deceleration to about
0.2g. This is a safety feature because high
deceleration could eject the rider from the chair.
The use of  aluminum in the design makes i t light
weight.

Calculations indicate that a three pound force on the
actuating lever will provide maximum stopping
power, locking the rear wheels. The progressive
nature o f a simple band brake creates this force
multiplying feature and makes the device very easy
to use.

FABRICATION

Apparatus
The parts of the brake are: the hub, the drum, the
wedges, the cable, and the actuating lever. Each has
unique features discussed below.

A standard quick release wheel uses a ball -lock pin
which slips through the center of a wheel and f its
into a receiver. The receiver is threaded on the
outside and two nuts secure it to a mounting plate.
The hub, drum, receiver, and mounting plate are
illustrated in Figure 3. The hub is a specialized nut
that screws onto the receiver. It replaces one of the
nuts holding the receiver to the mounting plate,
enabling mounting of the brake without making the
chair any wider.

RECEIVED_

EXPLODED VIEW OF DRUM ASSEMBLY

WHEELCHAIR BRAKE
REAR ASSEMBLY

Figure 3.

The drum is machined from aluminum. A bearing is
pressed into a central hole and rides on the hub. A
groove is machined in the outer edge of the drum for
the cable to  rest in. The drum is f ive inches in
diameter. This size allows the drum to remain on
the chair. It is small enough so that the portability
of the chair is no t impaired. Some of the team's
earlier designs involved larger drums or channels
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attached to the wheel rim. These designs interfered
with the user's hands and prevented quick - release
operation.

Polyurethane wedges enable the drum to engage the
wheel. The wedges fit snugly into the spaces
between the spokes of a plastic wheel. They are
bolted to the drum, which allows them to be
removed and replaced with different wedges for
different types of wheels. They are made of
polyurethane so that they fit without slop and do not
transmit excessive shear forces to the spokes.

A 1/16 inch diameter 7x7 stainless steel cable was
selected. The use of stainless steel minimizes
corrosion. The cable is covered with a woven
Kevlar jacket. The idea of using Kevlar came from
Royce Husted's Rim Band Brake [3]. Testing with
bicycles indicates that the Kevlar tends to polish
the aluminum instead of wearing it, providing
superior durabi lity.

The cable is st if f  enough to spring slightly away
from the drum when tension is reduced, so that the
brake does not add significant drag. The high
tension end of the cable is f itted with a swaged loop.
A threaded swaged f i tting on the low tension end
provides adjustability. In normal use the brake
would not need adjustment. This feature is provided
in case the user needs to  alter his or her wheel
placement.

A standard Motion Designs Quickie type frame
clamp was used to secure the tight side of the cable.
A Motion Designs lever and clamp were selected to
activate the brake. The lever has two places to
attach the cable. One set -up will provide "push"
activation; the o ther will provide "pull" activation.
This is a valuable feature. Depending on their
injury, some marginal pushers can only push and
others can only pull.

Prototype
A prototype has been constructed. Preliminary
testing has confirmed that the brake requires a low
actuating force and does not create noticeable drag
when the cable is slack.

Further testing is planned to  explore the device's
dynamic characteristics and determine if enough
force is generated for the dynamic brake to double
as a parking brake.

CONCLUSIONS

While further study is required, and much testing
remains to be done, this brake appears to fulfill the
design criteria and work well.
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VEHICULAR T RAVEL R ES T RAINT  S YS T EM F O R DIS ABLED ADULT S

ABS T RACT

Perry B.  Kirwan and  William R . No rling
Dep artment of Chemic al,  Bio  and Materials Engineering'
Arizona S tate Univers ity, T emp e, AZ 85287 -6006, USA

St. Michael's  Ass o ciatio n S choo l fo r Sp ecial Ed uc ation in
Window Rock, AZ is ho me to  over 150 d isabled children and
adults, many o f who m hav e c er eb ral palsy. One o f the
problems associated with this condit ion is the lack of postural
musc le co ntrol. The inab ility to  s it  erec t  in a vehic le c an
compromis e the passenger's  safety. Standard vehicular safety
belt  s ys tems  imp lic it ly require the ind ivid ual be ab le to s it
up right. The students at St.  Michael's can spend up to four
hours riding over rough terrain to reach home o r s cho ol. To
date, no federal regulatio ns  ap p ly to d is abled  ad ult  travel
restraint s ystems. A full size travel res traint system weighing
under 17 lbs has been designed to  meet this need. The system
provides adjus table torso support and inc ludes p rovisio ns for
med ic ally ap prop riate custo m seating pads . A four point
harnes s is attac hed to a p added  LEXAN bac k sup port. Rigid
torso sup port c us hio ns are at tac hed to the sid es of the back
res t and held in p lac e with two inch wide nylon webb ing. It
is  easily ins talled  o r remo ved  in a vehicle b y o ne perso n in
und er five minutes without the use ofspecial tools.

INTRODUCTION

P ro b lem s tatement

Many of the disabled students who attend St. Michael's school
are wheelc hair b o und . The s chool is loc ated in a remo te
section of No rtheastern Arizo na. Mo st are c ereb ral p als y
child ren and  ad ults  without any s ignific ant d egree o f tors o
support. They range from 7 to 26 years  o f age and weigh
fro m 70 to 120 lb s. The students must travel up  to 150 miles
over smoo th and ro ugh terrain in one of three school vehicles:
a full sized  s cho ol b us,  a mini s c ho ol bus and  a fo ur wheel
drive Chevro let S uburban. Currently, school vehicles provide
no safety restraint  system as id e fro m the s tand ard  s eat b elts
which work o nly if  the pas senger has s uffic ient trunk musc le
moto r c ontrol. In the school buses, seat belts are not required
in the pas senger co mpartment per federal law'. The disabled
adults and older c hild ren are often too  big for the largest size
commerc ially availab le to dd ler seat,  therefore,  an alternative
method of travel restraint is needed. A patent has been issued
for a padded aluminum frame seat assembly that is attached to
the vehicle frame b y s trap s  and  a s p ec ial hard  p oint . The
diffic ulty with this devic e is that a special mo dific ation must
be made to the vehicle to anchor the attachment straps
purs uant to federal law'

Design Objectives

The technical go al of this  project is to create an inexp ens ive
vehic ular restraint system that  p ro vid es  the utmost in safety

and medically appropriate physical support but does not overly
constrain the individual. T he materials for the system must be
durab le, lightweight and  eas y to maintain. The system must
co ntain few wo rking parts  and be interchangeable b etween
vehic les  with minimal too ls  and effort. While satisfying the
phys ical and  mechanical req uirements,  the s ys tem mus t b e
resp onsive to the human needs. The res traint system should
not be identifiab le as a device fo r "the disab led."

DESIGN METHODOLOGY

SAF ET Y is the p rimary des ign req uirement. In the event of
sudd en dec elerations  suc h as a forward impac t, the res traint
system must (1) distribute the forces o ver the bod y to avoid
injury and (2) no t beco me a missile hazard that aggravates or
produces ad ditional trauma to the vehicle occupants.

The main p ortion of the travel restraint sys tem co nsists of a
specially designed piece ofLEXAN (polycarbonate resin) that
acts  as  the main weight b earing structure. The c hoic e of 0.5
inch thick LEXAN for the base material was made as  a result
of the d ensity (1.2 g /ml),  high strength to  weight ratio and
durab ility (s ee T ab le 1). The stress analys is showed the
as semb ly c ould  eas ily withs tand  the required  30 mp h (4000
Ibf) federal crash tes t (see T able 2). A fo ur p o int  Nylo n
harness system is used to attach the passenger into the seat that
parallels  the d es ign of mo s t infant seats . The mechanic al
properties (strength and density) were such that a safety factor
of three was ob tained (Table 2). Two straps c ome over the
rider 's  head and  c o nnect to  a single b uckle unit o n the hip
belt. This arrangement of straps is designed  to distribute the
retarding forces over body so not to cause/ aggravate injury in
sudden decelerations. Side mounted torso support  straps
co nnec t to the main harness  as semb ly by lo op s aro und the
upper straps. Details of all padding sub - assemblies are shown
in F igure 1. The system cannot cause respiratory impairment
in any posture or pos ition. The design achieves this by using
a method of restraint that avoids constriction of the diaphragm.
The straps cross the shoulders and waist. The authors
recommend that the torso strap s be tightened to no more than
the width of two fingers fro m the chest  to reduce respiratory
constriction.

Two I" O.D. stainless steel U -hooks are mounted to the back
plate with high s trength 3/8" D b olts  to  keep the top  o f the
travel restraint from rotating forward during a forward
deceleration. Stress analys is showed that the maximum
bending stres s occ urred  at the innermost fiber where the U-
hoo k starts to  c urve around the vehic le' s s eat . We had
originally lo o ked  at  a s teel plate fo r this p urp o se but the
add it io nal strength was offs et  b y a large inc reas e in o verall
weight. Softer metals such as aluminum were evaluated,  and
tho ugh were favorab le in d ens ity,  they c o uld  no t ho ld  the
maximum b ending moment.
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A quick simple release is incorporated in case ofemergency.
This is accomplished by the attachment ofall harness straps to
a single easily released buckle. The back assembly is trimmed
for sharp objects and projections that could damage the vehicle
seats. All ed ges and bo lts are ro unded and p olished and the
main seat  belt  area is  well padd ed to  prevent injury and  to
prevent undue wear on the seat b elt while it is attached  to the
device. The seat belts  of the vehicle (or extra strap  fo r the
bus) attach through s pec ially des igned  holes  in the lo wer
portion o f the main vertical bo ard.

The lac k of signific ant torso co ntrol is the majo r d eficit of
standard res traint  systems. Add itio nal c oncerns  and health
risks of the multiply challenged  are eq ually important des ign
considerations. For instance, the system must have the
capability for torso support without causing pressure sores or
resp iratory diffic ulties. A p ro vision for c ervic al and  torso
support  has b een imp lemented to accomplish this. The edges
of the LEXAN board are the attachment points for straps that
hold special side support bags in place. The o verall assembly.
is a s tiff b ack section pad ded  to  provide maximum c omfort
and pressure s ore avo idance. All p ads  are held  in p lac e by
multiple two  inch wide velcro strips. The torso support side
pads mentioned earlier are fixed in position by the same velcro
strips. Ad ditionally,  all pads  are tied  to the main frame to
prevent loss. The pad c overs can be removed for laundering
as req uired. The internal frame of the torso support side pad
is actually a o ne quart  plastic water bottle filled with c otton
batt ing. The filled  bo tt le was then wrap ped in c los ed  c ell
foam. When the torso support side pads are properly fixed in
pos it io n (and  held  in plac e by velc ro ),  the tors o straps  run
over the top of the pads and to the shoulder straps of the four
point harness. A moderate but not constrictive compressive
force is then imparted sideways to the torso to help keep it in

position. In the event of a side impact, the pads are designed
to  abs o rb  a small p ortio n of the imp ac t force b efo re blunt
trauma oc curs to the rib  cage. The torso support straps are
not weight bearing in nature. An outward force is placed on
the main vertical strap where the torso strap is looped over to
help  stabilize the pass enger in pos ition. An integral padded
head  rest/s up p ort is  includ ed to  provid e the p atient with a

comfortable head rest.

The design of this system is intended to be flexible for various
environments. This device will be used in situations where the
care provider /driver may be working alone. The target weight
of the complete assembly was under 20 lbs. Careful selection
of materials prod uced an o verall weight of 16.5 lbs. Due to
the rural nature o f the intended app lication, the s ystem must
be eas ily repaired on site with commercially available
materials  and rugged enough to s urvive daily us age witho ut
regular maintenance. The materials chosen will ensure a long
device lifet ime. The simplicity ofdesign (i. e.  few working
parts) make the system virtually maintenance free. The use of
three d ifferent vehic les  nec ess itates the flexibility b etween
vehicles with a short  installation and  removal time. The U-
hooks  have been d esigned to easily fit over the b ack seat  all
three vehicles. In order to create a system that would benefit
a wid e  range of ad ults and  c hildren, the s ystem mus t b e
adjus table to various sized passengers without major
difficulties. The dimensions of the system can accommodate
passengers up to 72" in height and 200 lbs weight. The velcro
attac hment s trips  p rovid e the capab ility fo r installation o f
custom molded seating material. While the goal of this device

is restraint, it als o must allow for some freedom of movement
for the ind ividual. The harness system allo ws movement of
the arms and movement of the head  is also  p oss ible. In the
event that a wandering hand might unlatch the buckle, a velcro
strap  has been attached that  will cover the buc kle.

Durability co ncerns dic tate that the co vering material sho uld
be remo vable and machine was hab le. All of the padding has
been covered  with an automotive corduro y which is d urab le,
easily obtainable c ommerc ially, and  machine was hab le. The
covers have been constructed with velcro flaps which
eliminates the need fo r zippers. The device should be weather
res is tant  and not affec ted  by water or mud . The LEXAN
frame is eas ily cleanable with water and the strength
characteris tics  do  not d egrade with moisture. There is  the

concern of pro lo nged  UV light exp osure which is  o ffset by
simply covering the frame with padding. The U -hooks and all

of

the buc kles are c ons tructed  of stainless  steel and  will not
corro de under normal and extended  operating co nditions.

The system is designed to interface direc tly with the installed
vehicle s eat  belts  including a rear seat sho uld er belt. In the
event that none are p resent, an additional 2 " wide nylon strap
with a 4,000 lb test  buc kle can be s upplied. The extra nylon
strap  is  d esigned  to  wrap  aro und  the base of the seat frame
and follow the same path of the seat belt in the sitting area of
the seat.

Finally, the overall strategy is  to  provide vehicular restraint,
but in a manner that  does not identify the user as "d isabled."
Co lo r sc hemes  were c ho sen that are aesthetic ally pleasing.
The harness system itself resemb les that  which c an b e fo und
in the coc kpits ofhigh p erformance aircraft and  Indy cars.

Figure 1 shows  the general co nfiguration o f the d evic e with
ac tual p hys ical dimens io ns given in F igure 2. It has  been
shown that a vehicular travel restraint system can b e designed
that  is  s imp le,  s afe and functio nal,  adaptab le to changing
environments, provides medically appropriate support and still
be c omfortable, and is no t an eyeso re. Issues of three point
bending have b een avoided b y transmitting harnes s b elt and
seat b elt  fo rc es thro ugh the s ame axis ;  while the U -hoo ks
eliminate the need for any structural or special modification of
the vehicle.

DISCUSSION

The initial develop ment of this  d evice is  c omp lete and the
target unit  co st is less than $300. The next lo gical step is to
lo cate a fac ility to p erfo rm the d ynamic part of the imp ac t
simulation as  required by Federal law',' Once past this phase
of testing, the final testing phase will inc lude human s ubjects
rid ing over vario us terrain to ass es s total wo rking s ystem
operation and comfort. The future development of this device

will include a reduction of the harness weight and an
adjustable U -hook frame. The latter modific ation is designed

to broaden the range of vehicles  that will accept the device.

The restraint system may be used by the disabled and the non -
disabled by simp ly selec ting the appropriate back pad
assembly. The concept of standardization of the basic device
with the op tio ns fo r c ustomized s up port for the user s hould

assist in keeping the c ost per unit do wn.
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THE INTELLIGENT MICROW AVE OVEN

Mark R. Schmeler OTR /L & Myron J. Deputat BSEE
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INTRODUCTION

The Intelligent Microwave Oven is a device
that will simplify and automate microwave
cooking for individuals with cognitive and
physical disabilities who have safety
problems preparing meals over
conventional open heat, This device
makes use of a bar code and optical
scanner to identify and cook specified
foods in a microwave oven for given times
and heat levels. Essentially the process of
multiple key entries to program a
conventional microwave oven are
eliminated. An initial prototype of the
device has been constructed by interfacing
an off the shel f microwave oven with a
hand held computer and bar code scanner.
This device is capable of reading the UPC
code on the food package, locating the
code in a database, and associating the
code with a set of cooking instructions. The
cooking instructions are then sent to the
microwave's control panel to cook the food.

The UPC code, used with this design
project, is a twelve digit individual
identification number that is assigned by
the Uniform Product Code Counsel and
placed on virtually all consumer products
sold in North America. The first six digits of
the code identifies the company and the
remaining six represent the company's
product. The UPC bar code was developed
by the grocery industry to increase speed
and efficiency at the checkout counter. The
code itself gives no immediate information
on the name or the price of the product. To
obtain this information, the code has to be
searched and matched in a database2. For
this reason the UPC code will not provide
any immediate information to the
microwave oven regarding cooking
instructions. The cooking instructions have
to be retrieved from a database thus
requiring the use of a microcomputer to
construct a prototype of the Intelligent
Microwave Oven.

BACKGROUND

Safety in meal preparation is of ultimate
concern for persons with disabilities
including those associated with aging.
Ovens and ranges have been identified as
the consumer products second most
involved in injuries in the home
environment after bathtubs and showers3.

Inability to safely prepare ones meals in
the home often results in having to seek
alternative living arrangements.

A microwave oven is a good alternative
means of safe and efficient meal
preparation for people with disabilities. The
chances of burning oneself is greatly
reduced when using a microwave oven
versus a conventional range or stove.
Microwave cooking also reduces the
amount of energy expended by the person
as little preparation and cleaning up is
required in the process.

With the recent advancements in
technology, microwave ovens have
become multi - functional. In many cases,
the multi- functions of the appliance have
resulted in a complex control  panel that
requires a multitude of keyed data input in
order to perform desired functions. It would
appear that the complexity of programming
a microwave would only hinder its use by
individuals with disabilities and the general
public. This is noted by the first author who
in his work with people in the elderly
population has found them to be
overwhelmed by the complex steps
involved in setting the controls. It would
seem that success in teaching a person to
program a microwave depends largely on
the person's amount of familiarity with the
device in the past.

The control panel of a microwave oven is
not only complex but also difficult to read
for those with visual impairments. The
symbols and characters on the various
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keys are often small and placed on a
poorly contrasted background. Tactile
discrimination of the keys is often
impossible especially when the control
panel is a f lat surface with no ridges or
raised surfaces to outline them. Individuals
with visual impairments also might be
unable to read the cooking instructions
printed on a food package as i t is  often
very small. At the same time, determining
the contents of a food package is difficult
especially if different foods have similar
packaging.

An alternative means of access to meals
for those who are unable to prepare them
themselves is through the Meals on
Wheels Program. At present in the United
States, the Meals on Wheels program is
responsible for providing over 350 million
meals to people annually 4. Reports from
the National Association of Meal Programs,
the organization that represents and
advocates the Meals on Wheels Program
nationally, indicate the demand for these
services can only increase with an aging
population while financial resources
decrease. They further state that individual
meals programs on average have a
waiting list of 80 candidates in need of
these services with some that have a
waiting list as high as 300. The largest cost
involved in providing this service is
reported to be the transportation of a hot
meal to a person's home on a daily basis.

The use of a microwave oven could allow
for delivery of a supply of frozen meals to a
person's home on a weekly basis thus
reducing delivery cost and expanding
service avai labili ty to more people. This
process would obviously take away the
daily contact one receives from a delivery
person however, it could be replaced by
more quality contact provided by other
organizations such as the local church.

From this background information and the
problems described above, the Intelligent
Microwave Oven was conceptualized and
a prototype was built. The goal of the
project was to devise a device that would
allow for easier use of a microwave oven
by those with disabil ities. The use of a
UPC bar code, optical scanner, and
interface would allow a person to
automatically set the microwave oven. Use
of bar codes to control a microwave oven
has been attempted in the past 5,6 , however

no device is currently available on the
consumer market. An added feature to this
design will incorporate the use of speech
output which will provide information about
the contents of a food package as well as
instruction about the cooking process for
individuals with visual or cognit ive
impairments.

METHODS

The development of the Intelligent
Microwave Oven was conducted in three
stages. These development stages
involved interfacing the PSION Organiser II
with the microwave control panel,
programming the PSION Organiser 117 to
decode UPC bar code information using
the Nippon Denso 8 hand held CCD
scanner, and development of a voice
synthesis board.

To complete the first stage of the project
design, the development of an
asynchronous communication control
board was required to interface the PSION
Organiser II wi th the microwave control
panel. This board converted an
information stream from the PSION
Organiser II into a series of control signals,
which were then used to simulate actual
operation of the microwave control panel.
This then allowed for a program from the
PSION Organiser II to enter a series of
commands on the control panel.

In the second stage of the project, the
Nippon Denso hand held CCD scanner
was attached to the PSION Organiser II
and used to read UPC bar code
information. The bar code information
obtained by the hand held scanner was
used to select between different control
programs for the microwave control panel.
In this way cooking recipes could be
prepared for particular products, and be
identified by their UPC code.

In the final stage, a speech processor
board was designed as a feedback device
for the visually or cognitively impaired. The
design of this device required a thorough
investigation of current speech synthesis
technologies. During the investigation of
different speech synthesis technologies,
several prototype speech boards were
developed. After final evaluation of the
prototype boards, the board with the best
sound quality, and largest vocabulary was
interfaced to the PSION Organiser II.
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Further development of the Intelligent
Microwave Oven is currently under way.
Upon completion of the current research
the PSION Organiser II w ill be replaced
with a custom control module, and an
alternative scanning technology will
replace the Nippon Denso hand held CCD
scanner.

RESULTS

An initial prototype of the Intelligent
Microwave Oven has been completed and
plans for field testing are underway. A
second prototype will be developed in the
near future that will eliminate the need for
the PSION Organiser II as an interfacing
device thus reducing costs. Collaborations
with the National Association of Meal
Programs and Results- Technology are
also progressing to study the feasibility of
using this device with the Meals on Wheels
Program.

SUMMARY

Microwave ovens have been described as
a safe and easy alternative means of meal
preparation for people with disabilities.
With advancements in technology,
microwave ovens have become multi-
functional and complex. This complexity
has in many cases made programming the
appliance a complicated task. The
Intelligent Microwave Oven has been
described as a potential design solution to
solve these problems. This is done by
automating the task of keyed data entry
required to set a microwave oven to
perform any given function. This has been
demonstrated through the design of a
prototype that interfaces a microwave oven
with a bar code, optical scanner, hand held
computer, and speech output device.

Photo 1: Working Prototype of the Intelligent
Microwave Oven with hand held scanner and
microcomputer.
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